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1. APLPUBLICALIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIGNS SHOULD BE REVIEWED. 

2. APLIS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU- 
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP 
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS, 
UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


4, NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 


GRANTING ANY RIGHT BY Ih : 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 


FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 


ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 


THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 


TTY FOR INFRINGEMENT OF LETTERS PATENT, 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED, OR WITHDRAWN AI LEAS EVERY FIVE YEARS. SOMETIMES A ONE: 
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS AF- 
TER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE 


AN DY'TONSTON TAS BEEN GRANTED. UT 
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION, STATUS OF THE 


PUBLICATION CAN BE ASCERTAINED FROM THE API AUTHORING DEPART- 


MENT [TELEPHONE (202) 682-8001. A CATALOG OF API PUBLICATIONS AND 


MENT [TELEPHONE (282) 682-8000]. A CATALOG OF PUBLICATIONS 


MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API, 
1290 L STREET, N.W., WASHINGTON, D.C 200NS 
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FOREWORD 


de measure 
us density measure 


This standard provides design and oy 


“The flow-t 


ras developed for field a) 1971. The original 
design consisted of a single- -shell carbon steel sphere approximately 6 inches in diameter, 
with a volume of 1000 cubic centimeters and a tare weight of [875 grams. The carbon steel 
was eventually replaced with stainless steel to minimize the weight of the sphere. Today, 
flow-through pycnometers are available in single-sphere, double-wall vacuum sphere, and 
single-cylinder stainless steel designs. 

During the 1970s, as a result of the wider use of sophisticated chemical feedstocks, the 
industry focused on more precise measurement techniques and equipment, Mass measure- 
ment approaches to many difficult-to-measure fluids were predicated-on the use of highly 
accurate density meters. During the early 1980s, mass measurement was expanded to in- 
clude supercritical carbon dioxide for tertiary recovery operations. 

This edition reflects the experience gained since publication of the first edition in 1979. 

API publications may be used by anyone desiring to do so, Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; however, 
the Institute makes no representation, warranty, or guarantee in connection with this pub- 
lication and hereby expressly disciaims any iiability or responsibility for luss or damage re- 
sulting from its use or for the violation of any federal, state, or municipal regulation with 
which (his pubs a iiay conflict 

Suggested revisions are invited and should be submitted to the director of the Measure- 
ment Coordination Department, American Petroleum Institute, 1220 L Street, N.W., Wash- 
ington, D.C. 20005. é 


itt 


Copyright por American Petroleum Institute 


Sat Nov 03 22:12:48 2001 


APT MPMS*L4.6 91 mm 0732290 00595851 1b 


OTVTTOAAT © CORTTINGTATTO DE OTR 
WEL LIVIN OUI LIND LY. 

14.6.1 Scope @ and Field of Application 

1469 Sats 

14.6.2 Safe 

14.6.3 Referenced Publications 

14.6.4 Measurement Ap 


Measurement Ap} 
14.6.5 Nomenclature 
14.6.6 Mass and Apparent Mass Values 
14.6.7 General Design Considerations 
14.6.8 Density Meters. 
14.6.9 Pycnometois . 
14.6.10 Density Sampling Systems 
14.6.11 Proving Systems 
14.6.12 Proving of Density Meters 
14.6.13 Proving Procedures 
14.6.14 Calculation Procedures 
14.6.15 Field Verification Procedures for Pycnometers 
14.6.16 Laboratory Calibration Procedures for Pycnometers . 
14.6.17 Density of Water 
14.6.18 Density of Air 
14.64.19 Bibliography . 


APPENDIX—PRECAUTIONARY INF 


Figures 
1—Typical Measurement System... 


._Tynical Primary Apparent Mass Stay 
2—Typical Primary Apparent Mass Stat 


3—Typical Secondary avparent Mass Standards Certificate 
A—Noet Forces on Pyono: 
5—Typical Ethylene Density Envelope 
6—Density Changes due io Pressure Deviations .... 
7—Density Changes due to Temperature Deviations . 
8—Lemperature and Pressure Points for Inferring Density Deviation 

9—Single-Sphere Pycnometer 
10—Double-Wall Vacuum Sphere Pycnometer 
1{—Single-Cylinder Pycnometer . 
12—Classification of Density Sampling Systems 
13—Insortion-Typo Continuous Density Sampling Systems 
14—Slipstream-Type Continuous Density Sampling Systems: Pump Devices . 
15—Slipstream-Type Continuous Density Sampling Systems 


de Certificate 


Restriction Devices 

i6—Slipstream-Type Continuous Density Sampling Systems 
Velocity Head Devices 

i7—Typival Proving Report: ple 1 


18—Typical Proving Report: Example 2 
19 Vacuum Filling the Water Resorvoiz (Field Verifi 
20—Deaerating the Water Reservoir (Field Verification) 


Hed Pyenometer Fees sere 


22—Vacuum Filling the Pycnometer a 
23—Vacunm Emptying the Pycnome: 


24—Field Verification Form _. 


Copyright por American Petroleum Institute 


Sat Nov 03 22:12:48 2001 


API MPMSx1 


0732290 0095852 3 


26—-Deaerating the Water Reservoir (Laboratory Calibration) 
27—Vacuum Emptying the Pycnometer. .........s.00 ie 

28—Pycnometer Calibration Test Apparatus... 
29—Reinstallation of Test Tubing ....... 
30—Typical Pycnometer Certificate and Calibration Caiculations 
31— Optional £, Test Apparattis .......cccesesesseesssessseeseseeaseaenn 


Tables 

1—List of Symbols ae 
2— Classification of Density Meters 
3— Classification of Density Provers 
4—Test Equipment Required for Field Verification of Pycnometers 
5—Atmospheric Water Density as a Function of Temperature 

6—Test Equipment for Laboratory Calibration of Pycnometers 
7—Predicted Water Density ... 
8—Experimental Versus Predicted Water Density 


vi 


Copyright por American Petroleum Institute 


Sat Nov 03 22:12:49 2001 


(AORN EBEEUEOUEEUREEEREUSEOESERE 


API MPNS*14-6 91 


0732290 0095853 § 


Chapter 14—Natural Gas Fluids Measurement 


SECTION 6—CONTINUOUS DENSITY MEASURE! 


14.6.1 Scope and Field of Application 


‘This standard provides criteria and procedures for design- 
ing, installing, and operating continuous density measure- 
ment systems for newtonian fluids in the petroleum, 
chemical, and natural gas industries. The intent of this stan- 
dard is to provide the user with a density accuracy of 6.16 
percent for most applications, 

The application of this standard is limited to clean, homo- 
geneous, single-phase liquids or supercritical fluids. The pro- 


ed in thi ave beei 
ia contained in this standard have been 


cedures and crit 
successfully applied to fluids whose flowing density is 
eter at operating con- 


greater than 0,3 oram vo: i 
greater than 0.3 gram per cubic cen! 


ditions above 60°F (15.6°C) and saturation pressure. 
he 


any particular type of equipment. Neither is it the intent of 
standard to restrict the futurs development or improve- 
ment of density measuring equipment. The contracting par- 
ties should mutually agree on equipment selection, design, 
and operating procedures prior to custody transfer. 


14.6.2 Safety 


Personnel involved in the handling of petroleum 


and related fluids are exposed to hazards that demand con- 


is peculiar to the type of 


measurement equipment and commodities handled, Follow- 
ing are some reminders for both designers and operating per- 
sonnel for density metcring systems, This section does not 
attempt to take the place of individual company safety in- 
structions. 

‘The following precautions should be considered: 


a. All electrical components shall be designed in accordance 


with the ay 


b. All equipment shall be designed to withstand the maxi- 
re fo which it can he exposed. 


appropriate clectrical hazardous area classification. 


4 operating pre. 
c, All materials used shall ve resistant to cortosive attack by 
the fluids with which they come in contact and shall be com- 
patible with cryogenic temperatures that may occur as a re- 
sult of autorefrigeration. 

d. Adequate facilities shall be provided for isolating, depres- 
surizing, venting, flaring, and draining. 

e, When highly volatile fluids are vented, appropriate pro- 
tective clothing should be wom to prevent cold burns due ta 
autorefrigeration of the fluid. 

f. After filling, the pycnometer should be weighcd as soon 
as is practical to minimize any rise in temperature of the con- 
tents, resulting in increased pressures that could cause the 
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tupture disk to burst. 

g. As soon as possible after weighing, the pycnometer 
should be emptied in a safe location, (Temperature rise may 
cause excessive pressure ina filled prover, resulting in pos- 
sible release of product.) 

h. The pycnometer and associated equipment should be reg- 
ularly inspected and properly maintained by competent per- 
sonnel. 

i. The pycnometer shall be stored and transported empty to 
prevent damage to the pycnometer, bursting of the rupture 
disk, and other hazardous conditions. 

j. Cleaning and. drying of the pycnometer should conform. 
to established safeiy procedures and accepted methods of 
handling compressed gas. 

k. Personnel should te familiar with the fuid’s 
and hazards. 


14.6.3 Referenced Publications 
The following publications are cited in this chapter: 


ACGIH’ 
Threshold Limit Values for Chemical Substances and 
Physical Agents in the Work Environment 
API 
Publ-2026 Safe Descent Onto Floating Roofs of Tanks 
in Petroleum Service 
Publ 2217 Guidelines for Confined Space Work in the 
Petroleum Industry 
Manual of Petroleiwm Measurement Standards 
Chapter 9, “Density Detexmination,” Section 
1, “Hydrometer Test Method for Density, 
Relative Density (Specific Gravity), or API 
Gravity of Crude Petroleum and Liquid Pe- 
iroieunm Products,” and Section 2, “Pressure 
Hydrometer Test Method for Density or Rel- 


Density 
ative Density” 


Chapter 11, “Physical Properties Data,” Sec- 
tion 2.3, “Water Calibration of Volumetric 
Provers” 


GPA? 
Std2145 Table of Physical Constants for the Paraffin 
Hydrocarbons and Other Components of 


Natural Gas 


‘American Conference of Governmental Industrial Hygienists, 6500 Glen- 
way Avenue, Building D-5, Cincinnati, Ohio 45211. 

*Gas Processors Association, 6574 East 60th Street, Tulsa, Oklahoma 
74145, 
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OSHA? 
Occupational Safety and Health Standards (29 Code of 
Federal Regulations Sections 1910.1000 and 
following) 


The following are the two most common applications for 
continuous density measurement of hydrocarbons and other 
related fluids in custody transfer service: 

a. Mass flow measurement. 

b. Volume measurement at standard conditions for fluids of 
varying composition. 

As shown in Figure 1, both applications share the same basic 


components: 

a. Density meter, 

b. Continuous density sainplin, 
c. Volume meter. 


*Occupational Safety and Health Administration, U.S. Department of Labor. 
The Code of Federal Regulations is available ftom the U.S. Government 
Printing Office, Washington, D.C. 20001. 


14.6.4.2 MASS FLOW MEASUREMENT 


Mass flow measurement techniques are used on 
compressible fluids with varying compositions and poorly 
defined properties of thermal expansion, compressibility, and 
admixture shrinkage. The criteria given in this standard have 
been successfully applied to the following fluids: 


a. Polymer-grade ethyiene. 

b. Ethane mixtures or raw make. 
Pure CO, and CO, mixtures. 
Liquefied petroleum gas mixtures. 


Natural eas liquids 
Natural gas liquids. 


as 


i) 


Mass flow measurement requires the continuous integra- 
tion of flowing volume times flowing density over a time pe- 
riod fo obtain total mass and mass flow rate. 


Volumetric measurement at standard conditions is used on 
fluids with variable compositions and well-defined pres- 
sure -volune—temperature relationships, such as the follow- 
ing: 


18 


18 


LEGEND 


tN 
Cs] Strainer 


| Straightening vanes 
|X] Turbine meter 
Ls 
tw) Thermoweil 
— 
Ce!) Pressure indicator 
(or Density meter 


Figure 1—Typical Measurement System 
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a. Propane mixes. 
b, Butane mixes. 


Volumetric measurement at standard conditions reqnires 


the correction of density measured at flowing conditions to 
the equivalent value at standard conditions of temperature 
and pressure (or equilibrium pressure). A weighted volume- 
averaged density or the continuous calculation of net stan- 
dard volume and an API gravity at 60°F (or density at 60°F) 
can be used for custody transfer applications. 

Corrections for the effect of temperature and pressure on 
the flowing density, commonly referred 10 as Cy and Cy, are 
required to arrive at an API gravity at 60°F and equilibrium 
pressure. Additional corrections for the effect of pressure 
and temperature on the density meter may be required to 
measure the flowing density accurately. 


14.6.4.4 REFERENCE AND DATUM CONDITIONS 


The reference conditions of pressure and temperature for 
custody transfer of hydrocarbons and other petroleum-re- 
lated fluids are as follows: 


a, The reference pressure i¢ atmospheric pressure (14.696 
a, The reference pressure spheric pre: 


pounds per square inch absolute). For fluids whos? yapor 


pressure at the reference tempe: 


spheric, the reference pressure s shall be the equilibrium vapor 
pressure at thé reference temperature, 
b, The reference temperature is 60.0°F (15.6°C). 


The datum conditions for Pycnomiers calibrated in accor 
dance with 14,6.16 are as follows: 


a. For U.S. units, a pressure of 14.696 pounds per square 
inch absolute and a temperature of 0.0°F. 

b. For SI units, 2 pressure of 101,325 kilopascals and a tem- 
perature of --17.8°C, 


14.6.5 Nomenclature 


The symbols used for mathematical variables in this stan- 
dard are listed in Table 1. 


14.6.6 Mass and Apparent Mass Values 
14.6.6.1 DEFINITIONS 


In the field of measurement, considerable ambiguity exists 
with respect to the definitions of mass, apparent mass, and 
weight. The following definitions are presented to enable the 
user’ of this standard to understand more clearly the relation- 
ship of these terms. 

Weight is defined as the net force exerted on an object’s 
8, compared with a reference standard. In most situa- 
tions, the net force is a combination of the earth’s gravity and 


the buovancey of the fluic 
the buoyancy of the fluid 


ing the object. 


defined as measuring the net t force acting on an n object’ s 


s. 
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Mass is defined in terms of a standard mass, and therefore 
the mass of an object is simply a multiple of the mass stan- 
dard. The mass of an object remains constant regardless of 
its location. ‘rhus, the mass of an object does not vary as it is 
moved from one part of the earth to another, although the net 
forecs acting on the mass may change. if the net forces 
change, the weight of the object will vary from location to 


Apparent mass is defined as the weight of an object in air, 


compared with a mags standard. A mass measurement by 


weighing is performed in air, as are virtually all mass refer- 
ons, Thus, when two objects are 


, each object is subjected to two principal 


ence standards’ c: 


compared in ma: 
opposing farces: 


a, A lifting force equal to the mass of air displaced by the 
object times the force of gravity. 


b. A downward force equal to the mass of the object times 


Since all mass reference standards’ calibrations are made 
in air and are performed by comparing an unknown siandard 
with a known primary standard, the mass of the unknown 
standard 3x frequently pepotied ae the fase the standard 
standard is frequently reported as the mass the standard 
would appear to have when compared with a reference stan- 
du lard at 90°C; tn air 


a density of 0.0012 gram per 
na density of 0.0012 n pe 


centimeter. Whenever apparent mass is used. itis necessary 
to specify the density of the (normally hypothetical) refer- 
en¢e standard against which the unknown standard is being 
compared. This statement of the density of the reference 
standard, called reference density, is necessary because the 
apparent mass value depends in part on the volume of the 
reference standard. A reference density of 8.0 grams per cu- 
bic centimeter is-normally used to report the apparent mass 
of a standard or object. This is referred to as the apparent 
mass versus 8.0 grams per cubic centimeter at 20°C in nor- 
mal air (0.0012 gram per cubic centimeter), In the past, the 
apparent mass was reported against the density of normal 
brass at 20°C, This is referred to as the apparent mass versus 
8.3909 grams per cubic centimeter at 20°C in normal air. 


14.6.6.2 MASS AND APPARENT MASS 


STAN ABNS 
STANDARLS 


By international agreement, the international mass. stan- 
dard is the International Prototype Kitogram, a platimum~ 
iridium standard (90 percent platinuny and 10 percent 


iridium) that is kept at the international Bureau of Weighis 
andl Measures in in 1 Sevres, 1 France. athe primary mass iverondard 


adard ki the Nati 
gram 20, a pk im standard kept at the Nat 


Institute of Standards and Technology (NIST) in Gaithers- 


bure, Maryland, 


Duras Manian 


Mass standards ate precise standards whose volume, den- 
nt of thermal expansion, and mass have 


eubical coe! 


A 
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Table 1—List of Symbols 


Units 
Symbol Meaning SI 
Apparent mass of fluid g 
Apparent mass of test weights g 
Correction for air buoyancy on weighing aa 
Correction for effect of temperature on steel pyenometer = = 
Density meter factor _ ae 
Coetficient of expansion due to pressure on pycnometer emy/psi um /kPa 
on [pr 1PC 
Buoyancy force on fluid tor N 
Buwyancy Cores unt sicel uf pyenomerer tol N 
Buoyaicy force on test 1Bt N 
Buoyancy force on evacuated picionie: volume we N 
Gravitational force on fluid IbF N 
Fy Gravitational force on steel of pycnomerer we N 
Fy Gravitational force on test weights five N 
Faye Total forces on steel of pycnometer when fluid filled Ibf N 
Pane Total forces on steel of pycnometer when evacuatcd* Ibf N 
Fey Total forces on steel of pyenometer when air-filled Ibe N 
eB. Dimensional conversion constant, — _ 
32.17405(lom-£0/(Ibt-s”) or 
L.Otkg-m)/{(N-$") 
# _ Local gravitational constant ys? ms? 
A Elevation of weigh scale above sex level ft 
x Isothermal compressibility of water aL ne 696 psia anda temperature Upsi kPa 
K, Average isvtheriend compuessil eandatemperaturc = I/psi kPa 
M Mass of any object 2 8 
M, ‘Mass of fluid £ & 
Mw Mass of test weignts & & 
Py Datum pressure of pycnometer, psi kPa 
14.696 psia or 101.325 kPa or 0 psig 
P, Test pressure psi kPa 
PBY Pycnometer base volume, em’ cm? 
pycnometer volume at dauim pressure and datum temperature 
PY, — Fycnometer volume at datam temperature and test pressure om em? 
PY, Pycnometer volume at test temperature and 0.0 psi cm? em* 
a om! em} 
T, Datum temperature, oF °C 
0.0°F or -17.8°C 
Tj Test tcuperaiure op °C 
Vv Volume of any object om? cm* 
Vw Volume of test weights cm} om 
W, Weight of air-tilled pycnometer g £ 
ia Weight of fluid-filled pycnomerer g zg 
Ww, Weight of pycnometer with ull air evacuated g. a 
p Density of any object gicm? gem? 
Px, Density of dry air gicm? gion? 
Pog Density of fluid at test temperature und test pressure gem gicm* 
Pro —- Density of Geld rest weighus gicm® gi? 
Prw Density of reference lest weights gem? giem’ 
Pow iy o <1 14,696 psia gem? gic? 
Pip Density of water at test temperature and test pressure gic? gicm* 


“Includes buoyancy force usscviated with the internal volume. 


been determined by NEST. 
highly accurate measurements in 


ass standards are used for 
ientific research labora- 


primary mass or primary apparent mass standards, which in 
turn have been certified by NIST. Apparent mass standards 


tories but are impractical for precise commercial measure- 
ments. 

Apparent mass standards are precise standards whose den- 
sity and apparent mass have been determined by a high- 
precision commercial laboratory, as compared with their pri- 
mary standards. Apparent mass standards are calibrated by 
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are uscd by all states and by commercial laboratorics as their 
primary standards for precise weighings. A typical commer- 
cial laboratory’s ccrtificate for a set of primary standards is 
shown in Figure 2. 

The NIST Classification of Mass and Laboratory Weights 
(mass and apparent mass standards) is based on tolerances 
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from the true value. Generally, NIST Class P and S weights 
are apparent mass standards with accuracies of 0.002 percent 
and 0.0002 percent, respectively. A typical certificate for a 
set of apparent mass standards is shown in Figure 3. 


St 737 


| Nominal Brass 
Value 8.3909 g/cm" 
20 ke -25.13 
| 10 kg -4.34 
Skg 8.30 
| 3 ke 14,15 
2kg 2.79 
kg 4.27 
500 g 1.62 
300 g LT 
200 g 0.15 
| 100 g 0.481 
50g 0.110 
| 30 g 0.103 
20 g 0.033 
10g 0.014 
Sg -0.026 
32 —0,0036 
| 28 0.0208 
| lg -0.0381 
500 mg —0.0201 
| 300 mg -O.0171 
200 mg -0.0193 
100 mg -0.0232 
50 mg —0,0006 
30 mg -0.0115 
20 mg —0.0252 
10 mg -0.0135 
| 3 mg ~0.0042 
3mg —0.0034 
| 2mg 0.0019 
| img o.007i 
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14.6.6.3 WEIGHING 


Analytical balances, or weigh scales, are vertical force 
comparators. In other words, they measure the net force act~ 


ic Mass Standards | 
AF i99AEAO__ | Suter 4 4, 1ag9 


imgj—Hevised June 8, 1983 


Corrections (mg) 


Stainless | 
8.000 g/cm? —_ Uncertainty (mg) 
114.66 43,89 
65.56 21.84 
43.24 10.44 
35.12 6.83 
16.77 4.99 | 
11.26 0.041 
5.1 0.027 
3.82 0.026 
1.55 0,021 
0.218 0.034 | 
0.459 0.016 
0.312 0.014 | 
0.173 0.012 
0.084 0.014 
0.009 0.007 | 
0.0173 0.0049 
0.0348 0.0035 | 
-0.0311 6.0030 
~0.0166 0.0016 | 
-0.0150 0.0012 | 
-0.0179 0.0009 
-0.0226 0.0009 
0.0007 
0.0008 
0.0007 
0.0009 
0.0007 
0.0008 
0.0007 | 
0.0009 | 


Figure 2—Typical Primary Apparent Mass Standards Certificate 
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Mass and Laboratory Weight Manufacturer 
| Certificate No. 112543-86 | 


| Density of stainless steel test weights—-7.84 g/cm? @ 20°C | 
Density of reference test weights—8.0 g/cm? @ 20°C 


NIST Class P 
Tolerance 
Apparent Mass vs. ——_ | 
8.0 g/cm Correction (mg) (+ mg) (+ %) 


40.0 0.0020 


2kg 427.5 
lkg +13.0 20.0 
500 g 43.7 10.0 
200 g 42.8 40 
100 g ahi 26 coo 


50g 40.8 12 


fe of Standards and Tech- 


which was calibrated by the N: 


se (NISD. The mass of these standards can be calculated from the following 


equation: 
equation: 


N 


These eorroctions are based on comparisons in normal air, 0.0012 g/em’, with our pri- 
(Apparent mass) | 


| 
| 
| 
| 


[1 = Gx! Pin) | 


“LL = @al Pro) | 


(0.0012 / 8,0) 
1 — (0.0012 / 7.84) 


Figure 3—Typical Secondary Apparent Mass Standards Certificate 


ing on an unknown object, compared with the net force act- 
ing on a known object (an apparent mass standard). By 
definition, they are influenced by external vertical forces. 

The principal vertical forces that influence the weighing 
instrumeni’s performanee are local gravity, air buoyancy, air 
currents, vibration, and attitude. Lesser forces, such as elec- 
trostatic and magnetic forces, are beyond practical field and 
laboratory accuracy levels. 

The influence of air currents on the analytical balance can 
be controlled by the use of a draft shield. 

‘The influence of vibration and attitude can be controlled 
by mounting the analytical balance on a level, stable surface 
that is free from vibration. 

By calibrating in air an analyticai balance to a known ap- 
parent mass standard, the balance is prepared to read the ap- 


the 
is equal to the 


parent inass of any abject whose desis 


apparent mass standard’s reference density. This canbe 


ets for the effect of local 
ts for the effect of local gri 


method also coi 
forces as long as the balance is not moved to a different lo- 


The influence of air buoyancy forces on an object can be 
lated if the object’s density or volume is known. If the 
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apparent mass standard’s density is greater than the obiect’s 
density, the buoyancy correction must be greater than 1, If 
the apparent mass standard’s density is less than the object’s 
density, the buoyancy correction must he less than 1. The 
buoyancy correction equation is given in 14.6.6.5. 


14.6.6.4 APPARENT MASS TO MASS VALUES 


All hydrocarbon and other petroleum-related fluid densi- 
ties are based on mass or weight in a vacuum. Air buoyancy 
corrections are therefore required for all calibrations of den- 
sity meters, laboratory calibrations of pycnometers, and field 
verification of pyenometers. 


In practical field and laboratory weighings, the cass 
object shall be calculated from its apparent mass by the fol- 


Mass = Apparent mass x Air buoyancy correction 
Although it is recognized that a more explicit treatment may 
if equation is sufficient for 
the limits of pructical field and commercial laboratory deter- 
minations. 
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14.6.6.5 CORRECTION FOR AIR BUOYANCY ON 
WEIGHINGS (Cyy) 


The mass of a tect fluid shall be caloutat 


nometer by the following equation: 
W, (Caw 

The following formula shall be used for laboratory cali- 
bration of pycnometers: 


a = 


ry + 1 
bE — (0.0012 7 Poy, 


Cow = li = Tres ~ Pa! Prao)] 


* Keeping in mind the practicality of field conditions, the for- 


mula becomes the following for proving and verification 
tests: 


For field weighings, the value of 0, is calculated as a 
function of elevation only (see 14.5.14.2). To simplify field 
calculations, the value for Cpy can be constant for each bal- 
ance location using a specified set of weights. 
14.6.6.6 DERIVATION GF EQUATION 


14.6.6.6.1 


The derivation of the Cyy equation has been written for 
qualified technical personnel with a background in physics. 
To derive the equation to correct for the air buoyancy on. 


General 


all 
sumed. The balance has been calibrated with the apparent 
mass standards shown in Figure 3, in an air density of 
0.00118 gram per cubic centimeter. When a fuid-lilled pyc- 
nometer is placed on the balance, it indicates a scale reading 
of 2000 grams, The evacuated weight of the pycnometer in- 
dicates a scale reading of 1000.0 grams. The air-filled weight 
of the pycnometer indicates a scale reading of 1001.18 
grams, The PV, value for the pyenometer is 1000.00 cubic 
centimeters. 
As shown in Figure 4, the net forces may be calculated as 
follows: By definition, 


ings, the use of a perfect electronic balance is as- 


Since the electronic balance is perfect, ne corrections are 
needed for the balance: 


(Net force),,, = (Net force), 


14.6.6.6.2 Using the Pycnometer’s Evacuated 
Weight (We) 


Copyright por American Petroleum Institute 
Sat Nov 03 22:12:50 2001 


(Net force), = Net force of fluid-filled pycnometer 
— Net force of evacuated pycnoimeter 
Or, 
(Net force), = CF + Aye) — Fapye 
Where: 
FaF_ = total forces exerted on the 
4+ Fipm = total forces exerted on the 
nometer. 
F,,. = total forces exerted on an evacr 
Fipy: = total forces exerted on an evas 
eter, 
"The forees on the fluid combined with the forces exerted 


The forces on the fluid coi 


on the steel shell of the pycnometer are expressed as follows: 
it = (Fy — Fin) +  - Fs) 
Although the pycnomefer is evacuated, 
is displacing air and therefore has a buoyancy force for the 
evacuated volume. The forces on the steel shell of the pyc- 


nometer and the buoyancy force exerted on the evacuated 
volume are expressed as follows: 


Fine 


sal volume 


Faye = i — (Rs + Foy) 
Substituting, 
(Net force), = [Fy - Fy + (A ~ AAD 


TE A + Al 
Reducing the equation yields the following: 


And, 

Fon = PaPVy Bi / 86) 
Aud, 

Fy = (PaPVi 81/8.) 


Assuming that the pycnometer volume does not change 
significantly between an evacuated and a fluid-filled state, 


PY, = PY, 
And, 

SD os. HE 

* of * bv 


Reducing the net force equation yields the following: 
(Net force), = F, 
Remembering that the scale is perfect, 
(Net force), = (Net force), 


Since the test weights have both gravitational and buoy- 
ancy forces exerted on them, 
Fa — Faw Fy 


For the mass standard, the gravitational forces are expressed 
as follows: 
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Volume of steel 


evacuated 
pycnomatar 


) 
Volume of | / 


Volume of steal 


Volume of 
fluid 


| 
ee 


i 


A+ 


USING EVACUATED WEIGHT W, 


Volume of steel 4 
, ) 
| Volume of | } 


fluid 


Fit F, 


USING AIR-FILLED WEIGHT W, 


Figure 4—WNei Forces on Pycriometer 


By = ra Vu 8 18.) 


are expressed as fol- 


Fy = PrP Vy Me 8) 
The air buoyancy forces are expressed as follows: 
Fou = (PxViw 81 £8) 
Substituting into the equation for net forces, 
(8,1 8 MPrweVen — Pav) = (8 Sc MPppP Vip) 


By definition, 


ww = My Pow 
PV, = Mal Pop 
Mu = Paw Ven 
Ma = Peal Vin 
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Again substituting into the equation for net force and then re- 
ducing, 
My = MoI - (Pa {Powell 


aluc of th ass standard can be cal- 


Whe pase yalay a ani emi 
The iass valuc of the apparent ma: 


culated by the following equation (in accordance with NIST 


nrocedy 
proced: 


Woe 1 - (0.0012/p,y,) 
™ ET = (0.0012 / py.) 


Substituting, 


- 001 
Mz = au,| = 09012 / 00) by — (9, / devel 
Lb = (0.0012 / Pye? | 


From the previous section, 


Mass = Apparent mass x Air buoyancy correction 


r 7 


: 1 = 0.0012 / Pay) 
= | Ee 
Cow l 7 aoe (Px! Pro] 
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Solving for the mass of the fluid, 


1 — (0.0012 /8.0) 
M, = so99| 1 = (0.0012/8.0) ac —— fs aa + (0.00118 / 7.84)] 
1— (,0012/ a 
= 999.85 grams 


14.6.6.6.3 Using the Pycnometer’s Air-Filled 
Weight (W,) 


A similar derivation can he nerformed for open beakers, 


glass pycnometers, or flow-through pycnometers when W, is. 
used to define the fluid’s net force: 


(Net force), = Net force of fluid-filled pycnometer 
~ Net force of air-filled pycnometer 
The net force of the fiuid-filled pycnometer is expressed as 
follows: 
(Nei force), = Gy + By) — Boye 
The net force of the air-filled pycnometer is expressed as fol- 
lows: 


hot kK = GO - Balt  - %)} 
An ipye Ma 7 pnd Hus? 


Since the pycnometer is air filled, the intemal volume is not 
displacing air and therefore has no bouyancy force: 


Ep. = F- Fy 


‘ope ° 
Substituting, 
Sea (Fy — Fen) + CR — Fg] 


ihe cquation yields the following: 


(Net force), = Fy — Fig 


And, 


= (Pal, Mr / Be) 
Remembering that the scale is perfect, 
(Net force), = (Net force), 
Fa ~ Faw = Fa — Fin 


For the mass standard, the gravitational forces are expressed 
as follows: 


we (Paws Vow Bi / Re) 
And the air buoyancy forces are expressed as follows: 
Fev = PV M8, £8.) 


For the fluid, the gravitational forces are expressed as fol- 
lows: 


a = (PrgP Vy (8/82) 
And the air buoyancy forces are expressed as fulluws: 


Ba = (OsP¥ M81 8.) 
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Substituting into the equation for net force, 


(8) £8 PrweVy — PaVin) = C1 Be PrypPVy — PrxPVin) 


By definition, 
= Me Powe 
= Ma Pew 
My = Pron 
Ma = ProPVp 


Again substituting into the equation for net force and then re- 
ducing, 


My 0 = (Pa / Powe] = Mall — (Ps /Prp)] 
Solving for the mass of the fluid, 
Tt - (0, ome) | 
M, = My, Pa f Powe? | 
V = (Px 1 Pr) 


The mass value of the apparent mass standard can be cal- 
culated as follows: 


Substituting, 
hae Ape = (0.0012 / Pry.) I = Py! Pro) 
(0.0012/ Pwr) J) E — (Pa! Pap) 


From the previous section, 


Mass = Apparent mass x Air buoyancy correction 


Therefore, 
Fn 2 [t= (0.0012 pg) | 1 — Co, Powe) | 
ves i- (0.0012/ Pre) | 1 x1 Pas) | 
And, 
Brg = (We ~ W,)/ PV 


Solving for the mass of Lhe Muid, 


1 — (0,0012/8.0) ] 
= 998,82) —— 
a [2 (0.0012 /7.84) | 


{ __ 1 = (0,00118/7,84) \ 


Ui — [0.00118 / (998.82 / 1000.01] 
999,85 grams 


14.6.6.6.4 Summary of Cow Equation 


For the W, application, the Cpy, equation corrects only for 
the buoyancy of the additional test weights required to deter- 
mine the difference between the W, and W, values. 

In both the W, and W, derivations, the simplified Cuw 
equation was not uscd to accurately reflect the results, The 
simplified Cyy equations are as follows; When using W,, 
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Cow = 1 - (Pal Pr) 
When using W,, 
L = Pg f Powe) 


Cow = 
1 (Pa / Pry) 


Bw 
14.6.6.6.5 Mass and the Czy Equation 


Since the laboratory-determined pycnometer volume and 
evacuated weight are considered more accurate than the 
field-determined W, values, the W, method shall be used for 
all fow-through pycnometers, 

The mass density of the uid contained in a flow-through 
pycnometer shall be calculated using the following equation: 


Prip = [OM ~ Wad) PV Caw 
‘The mass of the fluid contained in a flow-itrough pyc- 
nometer shall be calculated using the following equation: 
M, = (W, — W)Caw 
14.6.7 General Design Considerations 
14.6.7... GENERAL 


Before a aon measurement system is oe a thor- 


ment is necessary to achieve a density accuracy of 0.10 
percent. A systematic approach to the design should include 
close attention to the following areas: 


a. Fiuid properties and behavior. 
b, Density meter. 


y-tiiough design). 


moan 


. Voiumetric meter raitinene. 


Accurate continuous density measurement requires ther- 
mal insulation of the volume ineter, density meter, pycnom- 
eter, and all interconnecting piping to minimize densily 
deviations due to temperature differences. 

General areas of importance are presented below. De- 
tailed criteria are presented throughout this publication. 


14.6.7.2 FLUID PROPERTIES AND BEHAVIOR 
14.6.7.2.1° General 

The properties and behavior of the ftuid being measured, 
as well as their impact on the measuring equipment, must be 
fully understood, The areas described in 14.6.7.2.2 and 
14.6.7.2.3 should be considered. 


14,6.7.2.2 Fluid Density 


Assuming a constant fluid composition, the fluid density 
can be inferred by measuring the fluid temperature and pres 
sure. Therefore, temperature and pressure differences be- 
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tween selected points are indicative of density differences, 

The sensitivity of ihe fiuid density to temperature and 
pressure variations should be analyzed by means of an en- 
thalpy diagram, a densiiy envelope, or generalized deusity 
deviation curves (see Figures 5, 6, and 7). 


ti 
ter, pycnometer, and volume meter should coincide’ as 


closely as possible, such that the fol 
closely as possible, such that the foll 


a, During normal operation, the density deviation between 
the density meter, pyenometer, and volumetric meter shall 
not cxcecd 0.05 percent. 
b. Exror resulting from pressure differences shali not exceed 
0.01 percent or 1 pound per square inch gauge, whichever is 
greater, 

c. Error resulting from temperalure differences 


ceed 6.04 pei 


shall not ex- 


nit or O.2°R, 


Figure 8 is a piping schematic that shows the temperature 
and pressure points, 

For some fluids, the deviation criteria above are not prac- 
tical (for example, applications in which operation is close to 
the critical point). For these applications, the density meter 
shall be installed so that the following criteria are met: 


a. During proving, the density deviation between the sample 
point, the density meter, and the pyenometer shall not exceed 
0.05 percent (sec Figure 8, Points 1, 2, and 3). 

b. To minimize any density deviation due to pressure, the 
density meter shall be located as close as is practical to the 
volume meter. 

¢, To minimize any density deviation due to temperature, 
the main line piping between the volume meter and the sam- 
ple point shall be fully insulated. 


Density variation of the fluid with respect to composi- 
tional changes should be evaluated to determine its effect on 
the density meter and the volume meter. 
14.6.7.2.3 Other Properties and Behavior 


ior should be re- 


Oiher process fluid pro; 
viewcd to assess the possible impact on the safety, accuracy. 


mm. The following areas should be 


and ah 
m, The following areas should be 


considered: 


. Cleanliness. 

. Homogeneity, 

. Corrosiveness. 

. Polymerization. 

. Viscosity. 
Autorefrigeration. 

. Solids precipitation. 


mmonogees 


Fluid separation behavior should be assessed to prevent liq- 
uid—liquid separation, hydrate formation, or dry ice forma- 
tion (for CO, service}. 
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W 


2000 


1600 


1400 


1000 


800 


Pressure, poinds per square inch absolute 


400 


200 


The selected density meter should be evaluated for sensi- 
tivity to the sample system’s flow rate. altitude, velocity of 
sound in a flawing fluid, temperature and pressure variations, 
dirt and pipe rouge, accumulation of liquids (for example, 
glycols, oils) or particulates, mechanical vibration, and fluid tion. 
pulsations and pressure surges. 


14.6.7.3 DENSITY METER 14.6.7.4 PYCNOMETER 


Only pycnometers with a flow-through design shall be 
used, The selected pycnometer should be evaluated for sen- 
sitivity to the sample system's flow rate, attitude, liquid and 
particulate accumulation, and atmospheric waler condensa- 
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Figure 5—Typical Ethylene Density Envelope 
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Maximum pressure deviation for 0.01% accuracy, psi 
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Notes: 


L. The curve is intended only to illustrate general relationships and the need for closer pressure toleranc 
pmpersition ani i " 


hydrocarbons, Compressibility varies with actu 
ical temperatures are approached. 


sop light 
ie 


aces significantly as bubble pi 


2. The curve is based on a Rackett equation with pure components x-hexane, n-butane, propane, and ethane, 


Figure 6—Density Changes due to Pressure Deviations 


14.6.7.5 DENSITY SAMPLING SYSTEM 


The density meter and pyenometer can only measure the 
fluid passing through them, As a result, the density sampling 
system shail meet the following criteria: 


a. Be installed in a location where the fluid is homogeneous. 
b. Not induce separation of the process fluid. 

c. Provide the necessary test points for determining temper- 
ature and pressure at each device. 

d. Provide sufficient flow to minimize response delays be- 
tween the density meter and the pycnometer. 
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e. Be installed to minimize fluid pulsation and pressure 
SUIgES. 

f. Be installed so that associated pipeline facilities can be 
cleaned without an impact on density measurement, 

g. Provide connections for one or more pycnometers. 


Since the density sampling syslem requires a continuous 
slipstream sample, it is time dependent and may not pre- 
cisely correspond to rapid variations in densily, This is com- 
monly referred to as density lagging. 

Density determination errors normally result from the fol- 
lowing: 
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a. Process temperature and/or pressure changes. 
b. Ambient temperature differences. 
c. Fluid compositional changes, 


To minimize the cffect of temperature differences, thermal 
bonding of the density sampling system is necessary for all 
installations. The sampling system must be installed in close 
thermal contact with the main pipeline, and the entire system 
(density meter and sampling system) must be thermally insu- 
lated against ambient conditions. 

Tf the density varics by more than 0.05 percent over the 
period of time needed to fully stabilize the pycnonieter, it is 
not likely that a prover repeatability of 0.05 percent will be 
obtained for two consecutive proving runs. For this situation, 
the parties may agree to take one or both of the following ap- 
proaches: 


a. Average the results of several provings. 
b, Increase the repeatability tolerance. 


The accuracy of the measurement may suller as a result of 
this practical approach. 
14.6.7.6 DENSITY PROVING SYSTEM 


The density proving system detormines the density meter 
correction factor and consists of the following equipment 


b. Weigh scale and test weights. 
c, Temperature instrument. 
d. Pressure instrument, 


To assure that the density deviation meets the criteria 
cailed for in 14.6.7.2, temperature and pressure measure- 


rene 
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L. The curve is intended only to illustrate general relationships and the need for closer pressure tolerances on light 
hydrocarbons. Thermal expansion rates vary with actual composition and increase significantly as bubble-point 
or critical temperatures are approached. ‘The use of actual physical data is recommended. 

2. The curve is based on a Rackett equation with pure components n-hexane, n-butane, propane, and ethane. 
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2 to Temperature Deviations 
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Point 1 


* Flow 


Point 3 


Pycnometer,—, : as et 
¥ 


Density meter location 
(see Detail A) 


Can(ery <r 


Pycnometer bypass valve 


DETAIL A 


1 The maximum density deviation between Points [, 2, and 3 shall not exceed 0.05 percent as a resuil of changes 


in pressure and temperature. 


Z. The maximum density deviation cue io pressure shaii not exceed 0.0i percent. 
3. The maximum density deviation due to temperature shall not exceed 0.04 percent. 


Figure 6—Temperaiure and Pressure Points ior inferring Density Deviation 


ments are required immediately prior to or at the time of 
proving. 


14.6.7.7 INFLUENCE OF VOLUMETRIC METER 


Density meters may be installed upsiream or downsitcam 
from the flowmeter, as near as is practical to the primary 


measuring device to minimize density errors 
measuring device to minimize density errors. 


Care shall be taken not to disturb the velocity profile for 
turbine, vortex, and orifice meters. Flow shall not be by- 
passed around the flowmeter. 

Restriction devices installed between the flowmeter and 
the prover (if applicable) may create flowmeter proving er- 
rors if they create a density difference between the prover 
and the flowmeter. 


14.6.8 Density Meters 
14.6.8.1 GENERAL 


Instruments used to measure fluid density are divided into 
two groups: 
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a, Discrete, oT noncontinugus, density meters, 
b, Continuous density meters. 


Table 2 illustrates the classification of density meters. 


14.6.8.2 DISCRETE DENSITY METERS 

Discrete density meters, which rely on a discrete represen- 
tative sample, consist of the following instruments: 
a. A hydrometer or thermohydrameter. 
b. A Westphal balance. 
c, A pycnometer, which may be of the glass or the How- 
through type. 
The Westphal 


ing an atmospheric hydrometer 18 
described in Chapter 9, Section 1. 

The pressure hydrometer is limited 10 density determina- 
tion for well-defined fluids that are stable al operating pres- 


aL 
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Table 2— Classification of Density Meters. 


Discrete Continuous 
Atmospheric hydrometer vibrating element 
Pressure hydrometer Buoyancy 
Westphal balance Continuous weighing 
Pycnometer (glass or flow through) Constant head 

Acoustic 
Naclear 
Capacitance 


sures below 203 pounds per square inch absolute (14 bar). 
The method for determining density using a pressure hy- 
drometer is described in Chapter 9, Section 2. 

14.6.8.3 CONTINUOUS DENSITY METERS 


Generai 


14.6.8.3.1 
Continuous density meters, which require a continuous 
representative sample from a homogeneous process strearn, 
use a variety of measurement principles to infer density. The 
most common instruments currently used in custody transfer 
applications use the vibrating-element (natural-resonance), 
buoyancy, or continuous weighing technique. The descrip- 
tions given in 14.6.8.3.2 through 14.6.8.3.4 are not meant to 
advocate the preferential use of any particular technique. 


14.6.8.3.2 Vibrating—Element Technique 


The vibrating-clement, or natural-resonance, method is 
based on the principle that frequency is inversely propor- 
tional to density. A continuous sample of the fluid is passed 
through or around a body vibrating at its natural frequency. 
The vibrating body can be a tube, cylinder, or flat plate: 

Meters that use the vibrating-clement technique are sensi- 
tive to velocity-of-sound effects and dirty fluids. Protection 
from rouge buildup, oil films, and particulates that might 
scratch the element is necessary. 


14.68.33 Buoyancy Technique 


The buoyancy technique is based on Archimedes’ princi- 
ple, which states that an immersed body is buoyed up by a 
force equal to the weight of the fluid it displaces. A contin- 
uous sample is passed through a chamber that maintains a 
Qoat in a balanced position, The electric force weeded to 
maintain the balanced position is directly proportional to 
density. 

Meters that use the buoyancy technique are sensitive to vi- 
bration, horizontal position, and ditt buildup. Application is 
limited to fluids of low or moderate viscosity. 


14.6.8.3.4 Continuous Weighing Technique 


The continuous weighing technique is carried out by con- 
tinuously passing the fluid through a vessel (a bulb or U 
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(ube) of known volume. The vessel is continuously weighed, 
and the resuit is divided by the volume to determine density. 
Depending on the required accuracy, corrections for the fluid 
icnpoatue aud pressuie ae applied io te cesulis. 

Meters that use be the continuous wei, ighing technique: are 


limited to fluids of low or moderate viscosity. 


14.6.8.4 ACCURACY 


The selected density meter shall have a minimum overall 
accuracy of 0.001 gram per cubic centimetor and a ropeata- 
gram per cubic centimeter over the cange of 
design operating conditions. Depending on the density me- 
ter, compensation may be required for the cffects of opcrat- 
ing tenperadure and pressure on the meter’s performance. 


y, the meter shall be installed in accor- 


dance with the criteria given in 14,6.7 and 14.6.10, as well as 


Proving of the density meter (or determination of its oper- 
racy) shall be performed in accordance with the 


ating ai 


criteria and procedures given in [4.6.11 and 14.6.12. 


14.6.9 Pycnometers 


A flow-through pycnometer is the most accurate device 
for calibrating a density meter under flowing conditions. Dis- 
crete density meters, which require a grab sample, can also 
be used as density proving devices. Table 3 illustrates the 
classification of density provers. 


14.6.9.2 DEFINITION 


The term pycnometer refers to both glass and flow- 
through pycnometers, This standard only covers the use of 
flow-through pycnometers. In the remaining sections of this 
standard, pyenometer refers to a flow-through pycnometer. 

Pycnometers are defined by the following criteria: 

a. They are vessels with a flow-through design that traps a 
representative sample of the test fluid at operating condi- 
tions. 

b. They permit safe handling of high-pressure fluids during 
sampling and transport. 

c. Their volume and evacuated weight are known to a preci- 
sion of 0.02 percent over the operating pressure and lemper- 
ature range. 


Table 3—Classification of Density Provers 


Fiow-Through Pycnometers Diserete Density Meters 


Single sphere Atmospheric hydrometer 
Doubie-walt vacuum sphere ‘Pressure. fydremeter 
Single cylinder Westphal balance 


Glass pycnometer 


a 
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‘The pycnometer’s volume and evacuated weight shall be 


sails dataeinedt hy then 


based on its unique values, as determined by the pi 
described in 14.6.16. Those values are as follows: 


eave: 


cauTCS 


a, Pycnometer base volume (PBY). 

b, Coefficient of expansion due fo internal pressure (Z,). 

c. Coefficient of expansion due to test fluid temperature (E,). 
d. Evacuated weight of the pycnometer (W,). 


14.6.9.3 DESIGN CRITERIA 


The following criteria should be considered when the size, 
design, and construction of pycnometers are determined: 


a. To minimize weighing errors, the ratio of the pycnome- 
ter’s evacuated weight to the weight of the fluid should be 
kept low. 


b, Because of curr 


ss of a water- 


ume shall not be less than 500 cubic centimeters, For most 
applications a volume of approximately L000 cubic centime- 
ters is recommended. 

d. The pycnometer’s shape and materials of construction 
shall provide a safe, precise, easy-to-clean device. All sur- 
faces shall be smooth and polished to facilitate cleaning. The 
pycnometer’s flow pattern shall be designed to eliminate de- 
position and gas entrapment, ensure proper purging, and al- 
low temperature stabilization. 

c. Precision shutoff valves shall be fitted at each end of the 
pycnometer. The valves shall either be welded or form an in- 
tegral part of the pycnometer. The valves shall provide a fast, 
positive, zero-leakage shutoff and shaii be resistant to abra- 
sive material, 


i, A full-flow :upime disk sliall be installed to prevent over- 
pressure due to thermal expansion of the test fluid. 


14.6.9.4 CLASSIFICATION 
14.6.9.4.4 


There are three types of flow-through pycnometcrs—sin- 
gle sphere, double-wail vacuum sphere, and single cylinder. 


General 


14.6.9.4.2 Single Sphere 


é pycnometer consists of a stainless s' 


sphere with a capacity of approximately 1000 cubic centime~ 
oe 


ters that is designed and constructed for a m: 


able working pressure specified by the user. 

Figure 9 shows the single-sphere design. The fluid flows 
through the inlct valve into the sphere and then up through 
the siphon tube. The gas vent and siphon tube minimize the 
possibility of gases being trapped and assis! in removing de- 
position. 


The volume temperature and pressure corectivus Lave 


sen determined to be linear. 
con dciermined te be linear, 


or 


A double-wall vacuum sphere pycnometer consists of two 
stainless stecl spheres (one inside the other, with a vacuum 
pulled on the annulus) with an internal capacity of approxi- 
mately 1000 cubic centimeters. It is designed and con- 
structed for a maximum allowable working pressure 
specified by the user. 

The vacuum minimizes thermal exchange between the test 
fluid and the ambient aiz. For test fl 
peratures below ambient, this eliminates the possibility of 
water condensing on the outside of the pycnometer. 


Figure 10 shows the double-wall vacuum sphere design. 
valve into the sphere and 


eae car 
Is that opi 


The fluid flows through the i 
then up mouse the siphon tube. The gas vent and phon 
ility of gases heing trapped and as- 


sist in removing deposition. 
The volume temperature and pressure corrections have 


been determined to be linear. 


14.6.9.4.4 Single Cylinder 


sts Of a stainless steel 


A single-cylinder pycnometer ec 
cylinder with a capacity of approximately 500 cubic cen- 
timeters, fitted with integral valves at each end, that is de- 
signed and constructed for a maximum allowable working 


pressure specified by the user, 
Figure 1 t shows the single-cylinder design. The fluid 
flows from bottom to top, minimizing the possibility of gases 


being trapped. 
The volume temperature and pressure corrections have 


becn determined to be linear. 


14.6.9.5 CERTIFICATION 


Certification of flow-through pyenomertcrs shail be in ac- 
cordance with 14.6.16. Certification shall be performed 
when any of the following occurs: 


a. Original construction is completed. 

b. Two years have elapsed since the last certification. 
c. The vessel has been damaged. 

d. The vessel has been disassembled. 

e. The valve parts havc been replaced. 

f. The rupture disk has been replaced. 


Tf the valve manufacturer can substantiate claims that re- 
placement of the welded valve parts wil! not change the pyc- 
nometer volume or its evacuated weight by more than 0.02 
percent, then recertification is not required. A similar veri- 
fication is required for replacement of the rupture disk. An 
evaluation should be performed to assure that the £, value is 
not altered when these parts are replaced. 
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Welded | { 
i 


ty 


, 
it 
Siphon tube ~~2-” i 


Rupture disk 


~ Welded 


Figure 9——Single-Sphere Pycnometer 


14.6.9.6 VERIFICATION 


Verification of the pycnometer’s base volume (PBV) and 
its evacuated weight (W,) may be performed in accordance 
with the procedures described in 14.6,15. It is important to 
note that the prover’s Z, and E, values can only be confirmed 
by performing the tests called for in £4.6.16. 

The results of the verification test shall not be used to 
redefine the PBV and W, vaiues. 

The results of the verification test can be used to confirm 
that a replacement valve or rupture disk has not changed the 
PBV and W, values by more than 0.02 percent. 


14.6.10 Density Sampling Systems 
14.6.10.1 DESIGN CRITERIA 


‘The density meter measures only the fluid passing through 
the density sampling system. The density sampling system 
shali meet the foliowing criteria: 

a. The system shall be installed ina location where the fluid 


is homogencous and within the density deviation criteria of 
14.6.7.2.2. 
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. The system shall include a sample probe in the center 


ep ea ce asta cle aioe 
Akg? hs pipe for sipsticalifuw: 


rho 


f. The installation shall permit the escape of any air or gas 
bubbles 


g. The installation shall minimize fluid pulsation and pres- 
sure surges. 


i. The entire sampling system, including the density meter 
and pycnometer, shall he thermally banded in ac: 
with the requirements in 14.6.7.5. 
j. The system shall include vertically mounted therm 
for temperature instruments, to relate density deviation to 
temperature differences. 

k. The system shall include taps for pressure instruments, to 
relate density deviation to pressure differences. 


(re 
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Ll. ‘The system shall provide adequate filtration and condi- 
ligning tu prevent particulates from damz 
meter or pycnometer, 

a The 53 

im, The syst 
nient installation and removal of the pee ent 


the density 
the density 


laa elode connections to permif cony 
shall inelade connections to permit conve- 


fluid whon the pychometer is installed. 
the velocity profile for turbine, 


0. 


system shall no! 
vortex, or orifice meters. 

p. The system shall not bypass flow around the volume me- 
ter, 

q. The pycnometer installation shall take into account tow 
rate, mounting attitude, and thermal bonding. 

r. The density meter installation shall take into account flow 
rate, mounting attitude, thermal bonding, and maintenance. 
s. Any pumps associated with the sample system shall be 
installed downstream from the pycnometer and density me- 
ter to preclude errors caused by pump-induced pressure or 
temperature increases. 

t. The installation of restriction devices belween the flow- 
meter, the density meter, the pycnometer, and the prover, 
which could result in density differences, shall be avoided. 


Welded 


As au uption, te system may include a flow indicator to 
¢ adequate flow through the sampling system at all 


¢ adequate flow throug! ling, 


times. 


14.6.10.2 TYPES 
14.6.10.2.4 


Density sampling systems are divided into two major 


jOUs-Sainple syster 


groups: grab-sampie and cont 
12 summarizes the classification system. 


14.6.10.2.2 Grab-Sample Systems 


Grai-sampie systems take a spot sample of the fluid ai the 
sampling point. Discrete density meters normally use these 
systems. The user assumes that a represcntative sample of 
the fluid has | pe provided, Grab-sample systems are not 


covered by this standard. 


14.6.10.2.3 Continuous-Sample Systems 


Continuous-sample systems constantly pass a representa- 


ad the density inst 
the density inst 


ments. Continuous-sample systems are classified in two 


HUH 


= 


Flow | 
— 


jC 
Gas vent hele te [_ |} 


c 


Flow 
_— 


™ Welded 


Figure 10—Double-Wall Vacuum Sphere Pycnometer 
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Plug valve : | | 5 
Plug valve 


Vessel | : 
essel Se A 
é 
| im 


nis 
oe 
etl 


Cover 


Nole: The valve body is an integral part of the vessel. 
Figure 11—Single-Cylinder Pycnometer 


groups, based on the mounting of the density meter: inser- 
tion and slipstream, 


14.6.10,3 INSERTION SYSTEMS 


Figure 13 shows a typical insertion continuous-sample 
system. Even though the density meter ts installed in the 
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Density sampling systems 
i t 
Continuous Grab 


Insertion Slipstream 
Direct pump devices 
Inline 


cee plates - 
S bends 


Control valves 


Reduced pipe 
Velocity head devices 
Scoop iubes 

Pitot tubes. 


Figure 12— Classification of Density 
Sampling Systems 


pine, the pyenometer and its 
pips, the pycnometer and its 


constitute a slipstream dein. 


14.6.10.4 SLIPSTREAM SYSTEMS 


Slipstream continuous-sample systems are the most com- 
monly used. As shown in Figure 12, there are thoes types of 
slipstream systems, based on flow inducement: 


a, Pumps. 
b. Restriction devices. 
c, Velocity head devices. 


Pumps can provide the energy needed to maintain flow 
through the slipsiréam sampie system. Hawever, the success 
of this (ype of installation is contingent on the operation of 
ihe pump. Figure 14 shows two typical installations. 

Restriction devices provide the energy needed to maintain 
flow through th 
in the main line pipe. Differential pressure can 1 be induced 
through the use 0 
reduced pipe diameters, Figure 15 shows two typical instal 
lations. 

Velocity head devices provide the energy needed to main- 
tain flow through the slipstream sample system by using the 
impact energy associated with scoop tubes or cross-sectional 
velocity profiles. Figure 16 shows two typical installations. 

When restriction or velocity head devices are used, it may 

necessary to temporarily install a pump when the density 
mcter is proved. The increased pressure drop caused by in- 
stalling the pycnometer in series may stop flow through the 
density sampling system. An alternative method is to install 
the pycnometer sampling system in parallel with the density 
meter sampling system. 


plates, S bends, control valves, and 


14.6.10.5 THERMAL BONDING 
Thermal bonding is required on all installations to mini- 


mize density errors due to temperature differences, Various 
levels of thermal bonding, based on the fluid’s sensitivity to 
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ion types, the pump is downstream of both the density meter and the pycnometer. 


Figure 13—Insertion-Type Continuous Density Sampling Systems 


tem} 


Two types of thermal bonding systems have been suct 


changes, sh 
changes, s! 


a. The sampling system is installed in close thermal contact 
with the main pipeline, and the entire system (density meter 
and sampling system) is insulated against ambient con- 


ditions. Insulation is installed between the volume meter aud. 
the sampling system. 

b. The sampling system is installed externally to the main 
pipeline, and the entire system is insulated against ambient 
conditions by being installed in an insulated housing. In 
some cascs a density meter building is installed to provide 


pr } er >t 
NGS rer Kn) 
g Flow 
PYCNOMETER IN SERIES WITH DENSITY METER 
Pycnometer,-—~ 


Gw) Or) 
Ga) | -Cor 


SLCE cote 


4 | 


Sere ee 
: | 


Flow 
=< 


PYCNOMETER IN PARALLEL WITH DENSITY METER 


Figure 14—-Slipstream-Type Continuous Density 
Sampling Systems: Pump Devices 
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Brotection tom the elements when the density meter is 
proved, insulation is installed between ihe voli 


the sampling system. 


14.6.11 Proving Systems 


14.6.11.1 GENERAL 

The accuracy of the proving system is vitally important in 
obtaining a successful pycnometer proving. One of the most 
important pieces of equipment is the weigh scale or analyti- 
cal balance, 


14.6.11.2 APPARATUS 
14.6.11.2.1 General 


Five pieces of equipment are needed to ake an acou- 


micicr is a vessel whose volume (P¥,,) and evac 


uated weight (W,) are known within 0.02 percent, The byc- 


eter shall be calibrated in accordance wit 


and procedures described in 14.6.16. 


14.6.11.2.3 Welgh Scale 


A weigh scale, or analytical balance, of sufficient preci- 
sion to obtain measurement accuracy of 0.02 percent of the 
test fluid’s weight or the air-filled pyonometer’s weight, 
whichever is loss, shall be used. Weigh scales are classified 


in two groups: 
a. Blectrs 


b. Mechanical scales (triple beam and hanging basket). 


Both types of scales have been successfully used, but a 
higher degrec of success has been achieved with clectronic 
scales. 

Scales shall be calibrated at the time of proving with certi- 
fied apparent mass standards (test weights) to assure accu- 
racy and to avoid weighing errors due to local gravitional 
forces. 

Selection of the type of weigh scale should take into ac- 
count the fluid- or air-filled mass of the pyenometer, the pre- 
cision of the scale, and environmental conditions. 

Tho scale shall be m: nted on a level, stable, 


free surface. If the scale is not equipped with an internal 
level, an appropriate level shall be used to verify that the 


scale pan is horizontal. 


(anlar ¢ 


Pycnometer ; v a ‘ { 


[30 maximum —>j 
ORIFICE 


—__¥ Flow 


CONTROL VALVE 
Figure 15—Slipstream-Type Continuous Density Sampling Systems: Restriction Devices 
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PYCNOMETER IN SERIES WITH DENSITY METER 


ele oS { 


4 


L v Flow 
PYCNOMETER IN PARALLEL WITH DENSITY METER 


Note: When the pycnometer is connected in scries with the density meter, the pressure drop caused by the pye- 
nometer may be too high, resulting in inadequate flow through the density sampting system. 


Figure 16—Slipstream-Type Continuous Density Sampling Systems: 


Velocity Head Devices 


Air 
ig ecahia inn 


Cuirenis O71 tic $i 8 mc: 


A pycnometer holding tray is recommended for centering 


hields sha{l be provided to minimize the effect of air 


Certified apparent mass standards (test weights) that con- 
form to NIST Class S or P shall be used to calibrate the 
weigh scale, Figure 3 shows a certificate for typical sec- 
ondary apparent mass standards traceable to NIST. 

The test weights shall be recertified if they have been 
damaged or are suspected of being in error. 


14.6.11.2.5 Temperaiure instrument 


‘Temperatures shall be measured with a portable device ac- 
curate to 0.2°F (0.1°C) and traceable to NIST. Electronic de- 
vices are preferred because of their readability. 

To climinate possible crrors, the same device shall be used 
at all three points (the thermowells shown in Figure 8). 


14.6.11.2.6 Pressure Instrument 


Pressures shall be measured with a device accurate to 1 
pound per square inch (6.90 kilopascals) and traceable to 
NIST. Electronic devices are preferred because of their read- 
ability. 

in some situations, a diffcrentiai pressure device may be 
required to assure that the density deviation due to pressure 


athe des ‘ tn 14.6.7.2.2 and depicted 
i the desi in 14.6.7.2.2 and depicted 


in Figure 8. 


14.6.12 Proving of Density Meters 


446494 METHOD 
$4.5.12.1 METHOD 


Proving a density meter at actual operating conditions (at 
elevated pressures) and with a precision of 0.05 percent shall 
be accomplished by using a flow-through pycnometer. The 
pycnomeier method consisis of four discreie steps: 


a. Entrapping a homogeneous, representative sample of 
fluid at the density meter’s operating conditions in a pyc- 
nometer of precisely known volume and evacuated weight. 
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b, Accurately determining the fluid-Mled weight of the pyc- 


nomcicr 
c. Correcting the pycnameter volume for the effects of fluid 


temperature ar and pressure 


d, Correcting for | the effect of air buoyancy. 


Successlul proving criteria require that the density meter 
factors (DMFs) for two consecutive proving runs have a te- 


peatability tolerance not greater than 0.05 percent. 

Por most applications, the pycnometer is insfalled in series 
ne density meter. Por some app! 8, the pycuom- 
eter is installed in parallel with the density meter. Caution 


red fo assure that the cd. 
ved to assure thaf the ¢ 


» meter and pyc- 
meter and pyc: 


must be o 
nometer are experiencing the same homogeneous fluid at the 
same density conditions. 


DENSITY STABILITY 


Unless otherwise agreed upon by the two parties, provings 
shouid be conducted. when fiuid conditions approach sieady 
state. If the density varies more than 0.05 percent over a pe- 
riod of time required io fuily stabilize the pyciior , the re- 
quired repeatability of 0.05 percent is likely to be 


unobiainablé 
unobtainable. 


Fluid behavior, along with its impact on the performance 
of the pycnometer, should be evaluated. Lirrors may be in- 
troduced as a result of the following factors: 


a, Polymerization —Will polymerization occur daring fil- 
ling, operation, or emptying of the pycnometer? 

b. Liquid—liquid separation —Will liquid-liquid separation 
oceur during filling, operation, or emptying of the pycnom- 
eter? Will lubricating oil or glycol adhere to the inside of the 
pycnometer? 

c. Autorefrigeration—Will autorefrigeration occur? If so, 
will hydrates form? For CO,, will dry ice form? What im- 
pact will autoretrigeration have on the time required to reach 
temperature stability? 


‘To eliminate autorefrigeration, the pycnometer and its piping 
may be preloaded with an inert gas ata pressure sufficient to 
provent the phcnomenon. 


14.6.13 Proving Procedures 
146.131 GENERAL 


Before a proving run can be performed, all test equipment 
shall be calibrated or checked. Refer to Figure 8 in following 
the proving precedures. 


14.6.13.2 | CLEANING THE PYCNOMETER 


The following procedure shall be performed to clean the 
pycnometer: 
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ssulyent and then 


a. Washi the inside uf the pycuuneeter 


acetone fo remove any residu 
with acotone to remove any residual 


b. Dry the inside of the pycnometer thoroughly by purging 


or clean, dry nitrogen for several minutes 


with clean, dry 
to evaporate the remaining acetone. 

c. Wash the outside of the pycnometer with distilled water. 
Rinse with acetone. Blow dry the outside of the pycnometer. 


14.6.13.3 CALIBRATING AND CHECKING THE 
TEST EQUIPMENT 


The following procedure shall be performed to calibrate 


and check the test equipment: 
and check the test equipmicnt: 


a. Calibrate the weigh scalc using the certified test weights. 
b. Verify the operation of the temperature and pressure de- 
vices. 


14.6.13.4 VERIFYING THE PYCNOMETER’S 


RUA CRED WuriALre 
CVACUAIEY Wokarit 


The following pracedure shall be performed to verify the 
pycnometer’s evacuated weight (1): 


a. Place the air filled pycnometer on the wei 
a. Place th dd pycnometer on the wei; 


record the scalc’s reading. 

b. Calculate the field W, and verify that it does not differ 
from the certificate value by more than 0.02 percent, If the 
pycnomeier has been weighed with the field fittings attached, 
add the fittings’ weight to the certificate W, before compar- 
ing the W, values. 

c. If the field W, differs from the certificate value by more 
than 0.02 percent, verify the calculations, recheck the scale 
calibration, or both, 

d. Ifthe field W, has increased more than 0,02 percent fram 
the certificate W,, either the pycnometer has been insuf- 
ficiently cleaned and dried or the fittings’ weight is incorrect, 
Continue to clean the pycnometer or remove the fittings until 
the W, variance is less than or equal to 0.02 percent. 

has decreased by more than 0.02 percent 
from the certificate 1, elther the pycnometer has been dam- 
aged or the fiitings” weigiit is incoivecit, Remove the fittings 
to verify possible damage. If the pycnometer is damaged, it 


shall not be used 
shall not be used. 


ch scale and 
ighrecalevand. 


14.6.13.5 INSTALLING THE PYCNOMETER 


The following procedure shall be performed to install the 
pycnometer or pycnormeters: 


a. Install the pycnometer in series with the density meter or 
ina parallet slipstream. Allow product to enter the upstream 
pycnometer valves first. Then vent or flare any gases or va- 
pors from the pycnometer and its piping through the vent 
valve. 

b, When the pycnometer is filled with fluid, fully or partially 
close the bypass valve to initiate flow. 
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¢. Install an insulation blanket on the pycnometer. Except 
when a double-wall vacuum sphere pyenometer is used, the 
pycnometer shall be insulated to speed temperature slabiliza- 
tion and prevent water condensation. 


14.6.13.6 VERIFYING DENSITY DEVIATION AND 


STABILITY 


The following procedure shall be performed to verify den- 
sity deviation and stability: 


a, Obseive tle ouput of the density meter for several min- 
utes to verify steady-state density conditions. 


b. When temperature and pressure differences between the 
b. When temperature and pressure differences between the 


density meter and the pycnometer or pycnometers have 
stayed within the criteria given in 14.6.7 for a sufficient pe- 
tiod of time, record the following field data: 

1. Observed density (density meter output). 

2. Density meter temperature. 

3. Pycnometer temperature. 

4. Density meter pressure. 

5. Pycnometer pressure. 
ce. Partially open the pycnometer bypass valve and then im- 
mediately close the pyenometer’s inlet and outlet valves. Be 
sure to close the outlet valve first. 
d. Remove the pycnometer from the sample system piping 
and check for leakage. Any leakage from a pycnometer shall 
void the test. 


14.6.13.7 DETERMINING THE FLUID-FILLED 


WEIGHT 
WEIGHT 


The foliowing procedure shali be performed to determine 
the pycnometer’s fluid-filled weight (WW): 
Note: To prevent operation of the rupture disk, the time required to remove 


the pycnometer, weigh it, and cmmpry ir inv sufe iucwtivn sail Kept w a miin- 
imum, 


a. Remove the insulation blanket from the pycnometer or 
pycnomctiers. 

b. ifnecessary, wash both valve openings and the outside of 
the pycnometer. Blow dry with dry air or nitrogen. Repeat if 


NECESSALY. 
c. Place the pycnometer on the weigh scale and record the 


14.6.13.8 CALCULATING THE DENSITY METER 
CORRECTION FACTOR 


 orocedure shall be n: 


The folloy 
procedure shall be pi 


the density meter correction factor: 


a. Calculate the density meter correction factor (DMF ) in 
accordance with the instructions given in 14.6. 14. 
b, Repeat the steps described in 5 through 7 
and Item a above to obtain the second consecutive DMF, 


(When using two pyenomeiers in series, iwo comseculive 
DMF values have already been obtained {rom Ttem a above.) 


ce, Calculate the repeatability. A successful proving requires 
that the Df Fs for two consecutive proving runs not differ by 
more than 0.05 percent. 

d. When two successful consecutive provings have been 
performed, calculate the average DMF. 

e¢, For applications in which the density meter’s output is ad- 
usted, an additional proving run shall be performed to con- 
firm that the adjusted density meter’s output does not differ 
from the new test’s result by more than 0.05 percent. 


14.6.13.9 EMPTYING THE PYCNOMETER 


pycnometer or pycnometers: 


‘Note: For some applications, the steps described in Items b and c below nay 
be waived if agrecd upon by the two parties, 


a. Empty the pycnometer in a safe location by either venting 
or flaring the contents. 

b. Clean the pycnomeier in accordance with £4.6.13.2. 

c. Verify the pycnometer’s evacuated weight (WW) using the 
procedures described in 14.6.13.4. Tf ihe pycuometer’s evac- 
uated weight differs from the certificate value by more than 


6.02 the suits are voided 
6.02 percent, the test results are voided, 


GENERAL 


The steps described in this subsection outline the appro- 
priate caiculation procedures for proving density meiers by 
the use of pycnometers. 


From ihe pycnomet 
data: 


a. The pycnometer’s air-filled weight (W,). 

b. The pycnometer’s evacuated weight (W,). 

c. The pycnometer’s base volume (PAV). 

d. The coefficient of cubical expansion duc to temperature 
on the pycnometer (£,). 

e. The coefficient of cubical expansion duc to pressure on 
the pycnometer (#,). 

f. The datum pressure of the pycnometer (/;). 


yature C 


wre (TY 
ature (7). 


g. The datum tei 


If the pycnometer’s fluid-filled weight (W;) was determined 
with the fittings attached, add the weight of the field fittings 
to the certificate W, and W, values before procecding. 

Tn addition, obtain the following data: 


a. The elevarion of the facility above sea level (4). 
b. The density of the reference test weights (O7w,). 
c. The density of the field test weights (Orr). 
d. The existing density meter factor (DMF). 


wit “ 
& procedures, obtain the fol 


From the pro 
for each of a minimum of two consecutive prov 
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. The meter reading. 

The pvenometer’s air-filled welche (74 

. The pyenometer’s air-filled weight (7). 

. The pycnometer’s fluid-fitled weight (W,). 


‘The test pressure (P)). 
. The test temperature (7). 


eao¢r 


14.6.14.2 CALCULATE THE AIR DENSITY 


For caiibration of density meters by pycnometers, ihe dry 
air eaed shall be calculated using the following equation 


. Units): 


Px = U.UU12[1 — (U.U32A/10U0)| 
Where: 
h = elevation above sea level, in feet. 


d 
a result, the air density need only be calculated once. 


14.6.143 VERIFY THE PYCNOMETER’S 
EVACUATED WEIGHT (1) 


The field W, shall be calculated using the following equa- 


Field W, = Field W, 


Compare the field W, with the certificate W,. If the differ- 
ence exceeds 0.02 percent, the pycnometer shall not be used. 


— p,PBV 


4.6.14.4 CALCULATE THE PYCNOMETER’S 


FLOWING VOLUME (P¥,,) 


The PV, shail be caicuiated using one the foliowing equa- 
tions: When P; is in pounds per square inch absolute, 


= ([PBV + ECR ~ POI + EC - Ty) 


+ BLP JL + EG, - Ty] 
14,6.14.5 CALCULATE THE APPARENT 
MASS OF THE FLUID 
The apparent mass of the fluid (AM;) shall be calculated 
using the following equation: 


AM, = W; - W, 


AS CORRECT Con 4m BuovaNey oO: 
4.6 CORRECT FOR AIR BUOYANCY ON 


TEST WEIGHTS (C,y) 
The Cgy for field provings shall be calculated using the 
following equation: 
Cow = 1- (Os! Powe) 


Aconstant value for Cyw may be used for a specitic site and 
test equipment, 
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14.6.14.7 DETERMINE THE MASS OF THE 


FLUID SAL 
FLUID (My) 


The mass of the fluid (4/,) shall be calculated using the 
following equation: 


My = (We -— WCoy 


14.6.14.8 DETERMINE THE DENSITY AT TEST 
CONDITIONS (,;,) 


The value for pr, shall be calculated using the following 
equation: 


Pro = My P¥iy 
If necessary, convert the density to the appropriate units. The 
conversion factors are as follows: 


a. To convert from grams per cubic centim: 
a. To convert from grams per cubic cei 


per cubic meter, multiply by 1000. 
t fi is per cuhie cent! 

gravity, divide by 0: 999012. 

c.. Ta convert from grams per cubic centimeter t pounds per 

cubic foot, multiply by 62.428. 

d, To convert from grams per cubic centimeter to pounds per 

gallon, multiply by 8.3454, 

e. To convert from grams per cubic centimeter to pounds per 

barrel, multiply by 350.51. 


14.6.14.9 BETERMINE THE DENSITY METER 
FACTOR (DMF) 


The DMF shall be calculated using the following cqua- 
tion, with pz, in the sarne units as the density meter’s read- 


Oe, fi 
Pry /Donsity meter readin, 


146.1410 DETERMINE THE RESULTS OF THE 


SECOND PROVING RUN 


14.6.14.9 for the second proving run, 


14.6.14.11 DETERMINE THE REPEATABILITY OF 


The repeatability of the results can be calculated using the 
following equation; 


Maximum DMF -— Minimum DMF 
= x 


Minimum DMF 


of 
% 


2 
cS 


For a successful iesi, the DM Fs for wo successive proving 
runs shal] not differ by more than 0.05 percent, 
14.6.14.12 CALCULATE THE NEW DMF 


‘The average DM‘ value shall be calculated using the fol- 
lowing equation: 
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Average DMF — (DMF for Run | 1 DMF for Run 2)/2 


The method of applying the average DM’ to the custody 
transfcr quantities depends on the secondary equipment that 
converts the density meter’s raw output to engineering units, 
the mass flow integrating equipment, and the accounting 
policics of the operator. The equipmeni manufaciurers 
should be consulted to assure the correct application of the 
proving resilis. 

Both partics should agree on the method by which the av- 
crage DMF is to be applied to the custody transfer qui 
prior to commencement of movements. 

Figures 17 and 18 show examples of density meter prov- 


ing reports that use the data for the pycnometcr. 


14.6.15 Field Veritication Procedures for 
Pycnometers 


14.6.15.1 OBJECTIVE OF TEST 


The objective of the ficld verification test is to determine 
whether the pycnometer’s base volume (PBY) and evacuated 
weight (W,) have changed since the last calibration. An ac- 
ceptable verification is determined by the repeatability of the 
test results for two consecutive runs. 

A repeatability of at least 0.02 percent for each of the fol- 
lowing values for two consecutive runs is needed to provide 
an acceptable test: 


a. The pycnometer’s evacuated weight (W,). 

b. The pycnometer's air-filled weight (W,). 

¢. The pycnometer’s base volume (PBV) at 14.696 pounds 
per square inch absolute. 


If the field-determined PBV and W, do not differ from the 
ex hy more than 0.97 percent, then the pye- 


nometer does not require recertification. The field verifica- 
tion test docs not confirm the E, and £, values. 


14.6.15.2 TEST EQUIPMENT 
The test equipment required for ficld verification of pyc- 
nometers is lisicd in Table 4. 


14.6.15.3 CLEAN THE PYCNOMETER AND 


CHECK THE TEST EQUIPMENT 


Before a pycnometer can be verified, it must he rhor- 
oughly cleaned, and all test equipment must be calibrated or 
checked, in accordance with ihe foliowing procedure: 


a. Wash the inside of the pycnometer with a petroleum- 
based solvent, such as kerosene, and then with acetone to re- 
move any residual solvent. 

b. Rinse the pycnometer with distilled water, and then wash 
with acetone to remove any residual water. 

ce. Dry the inside of the pycnameter thoroughly by purging 
with dry nitrogen, and then evacuate it with a vacuum pump 


for 10 minutes. Close the inlet valve. (The pycnometer is 
probably not yet fully evacuated.) 
d. Wash the outside of the pycnometer with distilled water, 
and then rinse with acetone. Blow dry the outside of the pyc- 
nometer. 
e. Conduct all weigh tests without field or laboratory fit- 
tings. Conduct weigh tests on pycnometcrs equipped only 
with valves. The removal of all fittings accomplishes two 
goals: 
1. The pycnometer’s base volume is verified as it was de- 
termined in the calibration (without any fittings). 
2. Entrapment of air and water by the fittings is climi- 
nated, 
f. Calibrate the weigh scale with the apparent mass stan- 
dards, 


14.6154 VACUUM FILL AND DEAERATE THE 
WATER RESERVOIR 


‘The water reservoir shall be vacuum filled and deacrated 


in accordance with the following procedure: 


a. Sct up the test apparatus as shown in Figure 19. 

b. Close Valve A and pull a vacuurn on the system. The wa- 
ter will be displaced from the 1-gallon container to the water 
reservoir. 

c. When cnough water has been dispiaced, tum off the vac- 
uum pump. 

d. Set up the test apparatus as shown in Figure 20, 

e. Close Valve A. Deaerate the distilled water by pulling a 


Vackinvonthe watersoscrvair acunown inbigure 20 -ung! 


all air bubbles have ceased. Close Valve F, and disconnect 
from Valve F, 


the Tygon # 


14.6.15.5 DETERMINE THE EVACUATED AND 
AIR-FILLED WEIGHT 


The pycnometer’s evacuated weight (W,) and 


omete ated filled 
weight (W,) shall be determined in accordance with the fol- 
lowing, procedure: 


a. Connect the pycnometer to the Tygon tubing, as shown in 
Figure 2i. 
b. Evacuate the pycnometer with the vacuum pump to at 


y for 2 mi 


for 2 minutes. Shut the outlet 


leat jmches:of me 


least 29.0 inches of mi 
valve. 

¢, Disconnect the pycnometer from the Tygon tubing, place 
the evacuated pycnometer on the weigh scale, and record the 
t (W,) to the st 0.1 gram 

a Repeat the steps described in Items a—c above until two 
successive weighings for W, do not differ by more than 0.02 
percent. Record the last W, reading. 

e. Open the inlet valve. After 30 seconds, weigh the pyc- 
nometer and record the air-filled weight (W,) to the nearest 
0.1 gram. 


(text continued on page 29) 
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Pipeline: Coa Pipeline | 6/18/87 
Location: Meter station | Report: 8 
Meter No. DT-107 7 ; New DMF: 1.0032 - 
Meter Data Pycnometer Data 
Serial No.: 000178 SerialNo.: 592 Serial No.: 
Manufacturer; APL PBV (cm); 992.39 PBY (cm’): 
Model: Vibrating -1355.57 W,: 
Caw: 0.99985 0.00132 &, 
: 2.88 x 


Flowing Conditions 


| 1 Observed density lift? 45,620 45,622 
2 Moter temperature °F 86.9 | 86.8 
| 3 | Meter pressure —< psig | 1200 | 1200 
4 Pycnometer 7; oF 86.8 | 86.8 
5 Pycnometer 7 psig | 1200 1200 
Pycnometer Volume 
8 | Serlatno. 501 501 | 
7 | PBV om? | 992.39 992.39 | 
Ex A oe at cm? 1.58 1.58 | 
PY, = line7 + line 8 cm? 993.97 993.97 | 
| | 
Mass of Fluid 
iz | Ww, > ; g 2086.06 
13 W, g : 1355.57 | 
14 | M = (line 12 — line 13) x Cy 9 730.68 730.38 | 
Density of Fluid | | 
| 15 | pry = line 14 + line 11 g/om? 0.7333 0.7330 | | 
| line 15 x 62.428 inf? 5.778 15.760 | | 
| 12,0030 | 
25 | | 
18 | Repeatability % 0.05 | | 
19 | Average DMF : [1.0033 | 
F T at roa i | 1.06 1 


20 | Previous DMF | 0602 
Remarks, Repairs, Adjustments, etc.: 


Figure 17—Typical Proving Report: Example 1 


colo 
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Pipeline: 


COs Pipeline 


6/18/86 


Report: : 8 


Location: Meter station 


Dr_-101 
DP-101 


Meter Data Prover Data 
SerialNo.: 000178 Serial No: 501 7 Serial No.: 
Manufacturer: aPT PBYV (cm): 992.39 PBV (cm*): 
Model: Vibrating W,: 1365.57 1 Ww 
i_ Existing DMF 1.0002 {= Ep 0.00132 Ey 
Cow: 0.99985 E: 2.88 X 1079 Ey: 
eo Runt Run 2 Run 3 
Flowing Conditions 
1 Observed density lb/t 45.62 45.622 ; | 
2 Meter temps: 2 °F BHR 86.8 
3 | Pycnometer temperature °F 86.8 86.8 | 
4 Pressure psig | 12vU 1200 
i Ambient temperature °F 62 62 | 
Volume | 
Prover serial no. 501 : S01 
5 Prover base volume cm® 992.39 | 992.39 - 
6 Pressure correction = E, x line 4 - 1.58 1.58 
7 Temperature correction (Crsp) = 1 + (E, x Th) 1.0025 | 1.0025 
8 PV, = (line 5 + line 6) x line7 om 996.45 996.45 
Weight 
9 | Gross weight (4) ; ‘g 2086.36 | 2086.06 | 
io | Tare weigiti int vacuu (W¥%) 1g 355.57 1355.57 
11 | Mass (M) = (line 9—line 10) x Caw(see note) |g 730.68 730.38 | 
Density 
12 | Testdensity = line 11 + line 8 | gicm® 0.7333 0.7330 
18 Test density = line 12 x 62.428 Ibe 45.778 45.759 
74 | Density factor = fine 13 + line i ee 1.0035 1.0030 
16 Average density factor 1.0032 
Note: Cyw = 1 — (pa/prwt): 
Comments: 
Company: Witness: 
a | 


Figure 18—Typical Proving Report: Example 2 
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Table 4—Test Equipment Required for Field Verification ot Pycnometers 


Specifications 


Ultimate vacuum. 


14.6.15.6 DETERMINE THE WATER-FILLED 


wrieur 
WoIGnt 


The pyenometer’s evacuated weight and air-filled weight 
shall be verified using the water-weigh method in accor- 
dance with the following procedure: 


a. Assure that the water reservoir and the pycnometer are 
stabilized at room temperature before proceeding with the 
verification. 

b. Install the pycnometer on the test apparatus, as shown in 
Figure 22, Verify that Valve F is closed and Valve A is open. 
¢, Evacuate air from the pycnometer and all vacuum tubing 
through Valve A and the inlet and outlet valves for 10 min- 
utes. 

4. Open Valve F. Fill the pycnometer with distilled water 
from the water reservoir, When a full flow of water is ob- 


Bennert-type vacuum 


O 
ye" mereury manometer 


LW] 
|| 


Water trap /| | 
I 


ey 


Water reservoir 
(7000-om* glass 
=, 00 ntalnet of 


es 
\ 
a 


Vacuum pump 
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BEN 


& 
Figure 19—Vacuum Filling the Water Reservoir (Field Verification) 


instrament Range Ascuracy Voilune Sine 
Analytical balance with air shield. 0-5000 g 
‘Lest weights 
Glass thermometer As needed 
Vacuum manometer 0-120 mm Hg : 
Distilled water in glass container 7000 cm? 
Glass-beaker water trap 250 cm? 
Vacuum pump 0-30 in Hg 0.1 um He* 
Stainless steel mbing 20,250 in 
Clear vacuum tubing 20.250 in 


served entering the water trap, close the pycnometer’s outlet 


valve and then its inlet valve, followed by Valve A. 


e. Remove the pyenometer, and using a syringe, wash both 
water, Blow 
éry the pyenometer with dry nitrogen. Repeat if necessary. 
f. Place the water-filled pycnometer on the weigh scale and 
record the fluid-filled weight (W,) to the nearest 0.1 gram. 
g. Place the pycnometor on the yacuum-cmptying apparatus 
and cmpty the water from the pycnometer using the vacuumn- 
emptying method shown in Figure 23. 

h. Remove the clear vacuum tubing and flush it with acetone 
to remove excess water. Blow dry the tubing with dry nitro- 
gen. Repeat if necessary. 

i, Repeat the steps described in 14.6.15.3, Items a—d; 
14.6.15.5; and 14,6.15.6, Items a -g. 

j. Repeat the steps described in 14.6.15.3, Items a—d. 


—S— Clear Tygon tubing 
—— ‘tinch stainless steel tubing 


Ee SN gia a 


ih 
aes 


1-gallon container of ( 
distilled water 
hy 


Seat eerie = 
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—P— Clear Tygon tubing 


ich stainless steel tubing 


Bennert-type vacuum ne 
mercury manometer E | 


a 


Ce 


Be 


Fubneh A | ( 
plug 


JV ger 
(=) 


Water trap 
(4000 cm?) 


\ Water reservoir 


(7000-cmS glass 
container of 
distillad water) 


Vacuum pump 


Figure 20—Deaerating the Water Reservoir (Field Verification) 


14.6.15.7. VERIFY THE PYCNOMETER’S BASE 
VOLUME 


14.6.15.7.1 General 


This subsection describes the calculation method that shall 
be used Lo verify the pycnometer’s base volume (PHV). 
From the procedures described in 14.6.15.1 through 
14,6.15.6, the following daia were obtained for each of two 
waler-weigh verification runs: 


a. The pycnometer’s evacuated weight (W). 
b. The pycnometer’s air-filled weight (W,). 
c. The pycnometer’s fluid-filled weight (W). 
d. The test temperature (7;). 


The following data must also be known: 


a. ‘The elevation of the fucility above sea level (/7}, in feet. 
b. The density of the test weights from the test weights’ 
certificate (Pry), in grams per cubic centimeter. 

c. The coefficient of cubical expansion duc to temperature 
(Z), as shown on the certificate. 

d. The coefficient of expansion duc to pressure on the pyc- 


nometcr (E,), as shown on the certificate. 


i 
e. The datum lemperature (Tj), in degrees Fahrenheit, as 


79 Correct tor Al 
7.2 GOrrect ior AL 


Test Weights 


The correction for air buoyancy on the test weights (Cyw) 
shall be calculated using the following equations: 


Px = 9.0012[1 — (0.0324 /1000)] 
Coy = 1 - Wal Pre) 
14.6.15.7.3 Determine the Mass of the Water 


The mass of the water (M/,) shall be determined using the 
following equation: 


Me t tay 
My, =, Wo} 


14.6.15.7.4 Determine the Valume of the 


test conditions 
est conditions (PM, 


PV, = My Puy 
Where: 


Pwip = density of distilled, deaerated water at 7; and atmo- 
spheric pressure, in grams per cubic ceniimeier. 
(Pywip Can be obtained from Table 5.) 


14.6.15.7.5 Determine the Pycnometer’s Base 


Volume 
The pyenometer’s base volume (PBV) shall be determined 
as follows: Since P, =P, = 14,696 pounds per square inch 


absolute, the equation simplifies to 
PBV = PY,/fL+ E.G, -— 7)] 
Where: 


T, = 0.0°R. 
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Outlet wo™~ ft NK 


a 
my) yenometer /\"\ \ 
ho 
Water trap a H 
of 


s) 


—. 


Bennert-type vacuum 
moroury manometer 


al 
—— 


Vacuum pump 


Figure 21—Evacuating the Air-Filled Pycnometer 


Water boaker with a. 


\_ZJ lass thermometer ed es ees 
SPE) rete It * 
X / | | 
Bs ee 


Valve A I Valve F Water trap 
[| -*< 


Water reservoir 
usps cA (7000-cm? glass ( 
plug container with 
distilled, deaerated 
water} 
f \ Weigh scale with wee 


y ae shieid aly 


Figure 22—Vacuum Filling the Pycnometer 
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a *) inlet jee% 
Pycnometer 


Water trap 


q 
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Bennert-type vacuum 
mercury manometer 


Vacuum pump 


Figure 23—Vacuum Emptying ithe Pycnometer 


De 


A repeatability of at ieast 0.02 percent for the foliowing 
values for two consecutive runs is needed to provide an ac- 
cepiable verification ies: 

a. The pycnometer’s evacuated weight (W,). 
b. The pycnometer’s air-filled weight (W,). 
ce. The pycnometer’s base volume (PBV). 


14.6.15.7.7 Compare Test Results With 
Certificate Vaiues 
Tf any of the values specified in 14,6,15.7.6 differ from the 
certificate values by more than 0.02 percent, the pycnometcr 
shall be calibrated in accordance with 14.6.16. Figure 24 
shows a sample calculation worksheet for field verification 
of a pycnometer. 


14.6.16 Laboratory Calibration 
Procedures for Pycnomeiers 
14.6.16.1 OBJECTIVE OF TESTS 


The objective of the pycnometer calibration is to deter- 


mine the following unique values: 
mine the following unique values: 


a. The pycnometer’s air-filled weight (W,). 
b. The pycnometer’s evacuated weight (W,). 
c, The pycnometer’s base volume (PRY). 
d. The coefficient of cubical expansion due to temperature 
on the pycnometer (£,). 
ce. The coefficieni of cubical expansion due iv inierial pres- 
sure on the pycnometer (Z,). 
An acceptable test is determined by the repeatability of the 
test results for two consecutive runs. 

Arun consists of one evacuated weigh (W,), one air-filled 
weigh (4), and at least three determinations of the pycnom- 
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eter’s volume at a datum temperature and separate tesl pres- 
sures (PY,). 

One test pressure shall be 100 pounds per square inch ab- 
solute or less to assure adequate deaeration. A second test 
pressure shall be above the pycnometer’s normal operating 
pressure so that the prover will not be operated outside of its 
calibration data base. The third pressure shall be approxi- 
mately halfway between the other two pressures. 

A repeatability of at least 0.02 percent for the following 
values for two conseculive runs is aceded to provide an ac- 
ceptable test: 


a. The pycnometer’s evacuated weight (W,). 

b, The pycnometer’s air-filled weight (W). 

c. The pycnometer’s volume (¥,) at the datum temperature 
and a pressure of 100 pounds per square inch absolute or 
less. 

d. The pycnometer’s volume (P¥,) at the datum temperature 
and the maximum operating pressure. 

c. The pycnometer’s volume (P¥,) at the daturn temperature 
and a pressure midway beieen the two pressures specificd in 
Items c and d. ; 


Based on the empirical data, the pycnometer’s volume at 
the test temperature and pressure (P¥,,) shall be calculated 
using the following equation: 


= [PRV + BCP, - PI + EC, - 2) 


The nominal #, values may be used for calibrations, pro- 
vided that the manufaciurer has coniirtied a linear relation- 
ship for thermal expansion of ie pycnometer. If the parties 


ie, the test mothed dis 


cussed in 14.6.16.9 is recommended. 


14.6.16.2 TEST EQUIPMENT 


The test equipment required for laboratory calibration of 
pycnometers is listed in Table 6. 


API MPMS*14.6 91 


O732290 0095885 7 


Section 6—-ContiNuouUs Density MEASUREMENT $3 


14.6.16.3 CLEAN 


CAEL 


Before a pycnone! 
oughly cleaned, and all 


checked, in accondar 


h the following p: 


it 
equipment must be 
roced 


he following pro: 


mus 


b 


at be thor. 
ust be thor 


calibrated or 


a. Wash the inside ot the pycnometer with solvent and then 


esidual solvent. 


b. Rinse the pycnometer with distilled water, and then wash 


with acctonc to remove any residual water, 


c, Dry the inside of the pyenometer thoroughly by purging 


with drv nitrogen, and then evacuate it with a va: 


with dry nit andthen 


m pump 
pu 


Tabie 5— Atmospheric Water Density as a Function of Temperature 
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Water Water Water 
‘lerperature “Jemperature ‘Femperature. 
Density —_— Density ————_ Density 
op °C (gem) op °C (gem'} oF ial (giom’) 
2111 0.997961 23.89 0.9973218 80.00 26.67 a,9966025 
2117 0.979539 23.94 — 0,9973082 80.10 -26.72-——(0,9965874 
2122 —0.9079418 24.00 09972045 80.20 26.78 += 09965723 
2128 09979296 W406 0.9972807 «80.30 26.83. 0.9965971 
2133 0.979174 241. 09972670 80.40 26.89 «= 0,9965419 
2139 © g.9070081 24.17 0,9072532-wNS0 26.04 = 1.9985266 
2144 09978929 2422 © 0.9972394 80.60 «27.00 0,9965114 
2150  0,9978805 24.28 0.997226 80.70 27.06 09964961 
2138 © 09978082 2433 09972117 eee 
= 216 0.978558 24.39 0,9971978 09964654 
AT 09978434 2a 0.997 1838 0.9964500 
2172 0.978310 2450  0,9971699 0.9964346 
2178 © -0.9078185 24.56 0,9971559 0.9964 192 
2183 o.907806e 2461 QgUTLALO oO 7 
2189 09977935 2467 — OS071278 0.9963882 
2194 — 0,9977809 2472 09971137 09963727 
22.00 0,9977683 2478 0,9970996 19903571 
22.06 0.997 7557 24.83 0.9970855 0.9963416 
221i 0.977430 24.89 © 0.970713 0.9963260 
2217 0.9977303 24.94 O.9970571 0.9963 103 
| | 22.22 0.977176 25.00  G.9970429 0.9962947 
2228 © -9.9977049 25.06  0.9970286 9.9962790 
22.33 0,9976021 25.1 0.997014 0.996263 
22.39 © 0,9976793 23.17 0.997000 0.9962475 
mae gages 35.22 © 0.9909857 9962317 
22,50 0.976536 25.28 0,9969713 0.9962.159 
2256 0.976407 25.33 0,9969369 0.9962001 
22.61 0.9976277 25,39 0,9969425 0.996 1843 
a 226} 0.997648 2344 © 09989280 0.9961684 
22,72 0.9976018 25,50 0.9969 135 0,9961525 
2278 0.975887 25.56  0.9968990 0.996165 
2283 © 0.997575 25.61 0.996845 0.9961206 
7289 09975626 25.67 — 0.9968099 09961046 
2294 — 0.9975495 25.72 0.968553 0.9960885 
7300 0.975363 25.78 0.958406 0.9960725 
73.06  0.9975232 2583 0.968260 09960564 
2311 09975090 2589 — 0.996R113 0.9960403 
2317 0.974967 25.94 0.9967966, 0.9960242 
322 O.9974834 26.00 0.9067818 0.9960080 
2328 = 0.974701 26.06 0.9967670 0,9959918 
23.33 261i © 0.9967522 09959756 
23.39 © 0,9974434 26.17 0.9967374 0.995954 
23.44 09974300 26.22 09967205 0.995943 | 
23.50  0,9974166 26.28 © -0.9987076 0.999268 
| | 23.56 0.9974032 26.33 0,9966927 0.9959105, 
2361 0.973897 26.39 0.996777 0.995804 1 
2367 0.973762 26.44 0,9966628 0.995877 
2372 0,9973626 26.50 0.9966477 0.995863 
ATR 0.997349 | 26.56 0.9966327 0.9958449 
ie 23.83 0.0973355 26.61 0,9966176 0,9958284 
2389 0.973218 2647 — 0,9966025 0.9958119 


SS 
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SAS! ATION WOPBYCOUErET 
Ov MPMS Chapter 14.6 
Line 
| 1 Wy, 
2 i, 
aoe 
ace 
{5 | M-™% | 995.230 
6] My = (MH — Wl Cow) 995.15 [995.35 NA 
? T 72.6 j 72.8 NA 
| 8 | pm 0.997641 0.997615 NA 
9 | Pie = Mow 397.50 997.53 WA 
io | 14+ (ENG 7% 1.0021 1.0021 NA 
1 | PBV = PVai[t + (EMT — To 095.41 995.44 995.43 
12 Repeatability—Run A vs. Run B 
W, | | 6.007% 
0.007% 
0.903% 
13 
| Wi, 1350.85 1350.83 0.001% 
| W, 1352.05 351.97 0.006% | 
| PBV 995.43 995.44 6.0018 | 
— ee | 


Figure 24— Field Verification Form 


for 10 minutes. Close the inlet valve. (The pyenometer is 
probably not yet fully evacuated.) 

d. Wash the outside of the pycnometer with distilled water, 
and then rinse with acetone. Blow dry the outside of the pye- 
nometer, 

e. Verify the calibration of the pressure transmitters with a 


deadweight tester. 


f. Verify the calibration of the digital thermometer with a 
certified ther g both in a beaker of water to 


meter by plea 

assure apreement within 0.2°F. 

g. Conduct all weigh tests without ficld or laboratory fittings. 

Conduct weigh tests on pycnometers equipped only with 

valves, The removal of all fittings accomplishes two goals: 
1. The pycnometer’s base volume is established without 
any fittings. 
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2. Entrapment of air and waier by the fittings is etimi- 
nated. 
f. Calibrate the weigh scale wi 
parent mass standards. 


VACUUM FILL AND DEAFRATE THE 


WATER RESERVOIR 


_ The water reservoir shail be vacuum filed and deaerated 
in accordance with the following procedure: 


a, Set up the test apparatus as shown in Figure 25. 

b. Close Valve A and pull a vacuum on the system. The wa- 
ter will be displaced from the 1-gallon container to the water 
reservoir. 
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Table 6—Test Equipment for Laboratory Calibration of Pycnometers 


Specifications 


Instrament Range Accuracy Volume Size 


Required Equipment 


Analytical balance with air shield 0—5000 g 
Stainless steel test weights, 505000 g 
Digital thermometer As needed 
Glass thermometer As needed 
Bennerttype vacuum manometer 0-120 mm 1% 
Pressure transmitter | 6.500 psig 0.25%: 
Pres transmitter 2 0-300 psig 0.259" 
LED display t 15-515 psia 
LED display 2 15-3015 psia 
Deadweight tester 0-3000 psig 0.10% 
Distilled water reservoir 5 gal 
(clear glass container) - 
Water trap (clear glass beaker) 1000 cm? 
Watey c: = 250 cmi* 
Vacuum pump 0,1 um Het 90 Iemain 
Stainless steel tubing 
Clear vacuum iubing 
Optional Equipment (for Determinations of &) 
‘Temperature bath* 58°F 
Gear pump 0-6 gpm 
Retameter 0 &apm 
ewithy LED display. 
"Maximum allowable working pr 
“Ultimate vacuum. 
The bath shall have a stability of £0.1°F. 
“From ambient temperature. 
eee . 
Beiiiertiype vasuu 
H mercury manometer < n) Digital | —/~4— Clear Tygon tubing 
i thennometer . fees : 


y 


oo 
Water trap ak 


(glass container of 
distilled water) 
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c, When enough water has been displaced, tum off the vac- 
uum pump. 

d, Set up the test apparatus as shown in Figure 26. 

e. Close Vaive A. Deaerate the distilied waicr by pulling a 
vacuum on the water reservoir, as shown in Figure 26, until 
all air bubbles hi r 
f. Before proceeding with the calibration, assure that the 


ture of the water reservoir and the pye 
ture of the water reservoir and the pye: 


stabilized. The water reservoir need not be stabilized at room 
ld approximate 


room temperature, 


14.6.16.5 DETERMINE THE EVACUATED AND 
AIR-FILLED WEIGHT 


‘The pycnometer’s evacuated weight (W,) and air-filled 


th the fal. 
‘dance with the fol- 


weighi (W,) shall be determined 
lowing procedure: 

a. Evacuate the pycnometer with the vacuum pump to at 
least 29.0 inches of mercury for 2 minutes, as shown in Fig- 
ure 27, 

b. Place the evacuated pycnumeter on the weigh scale and 
record the evacuated weight (W,) [o the nearest 0.01 gram. 
c. Repeat the steps described in Items a and b above until 
two successive weighings for W, agree within 0.02 perceni. 
Record the last W, reading. 

d. Open the inlct valve and alow air to enter. After 30 sec- 
onds, weigh the pycnometer and record the air-filled weight 


CHL t the neares' gram 
(W,) to the nearest 0.01 gram. 


Gr) Digrel ia 


14.6.16.6 VACUUM FILL THE PYCNOMETER 


The pycnometer shall be vacuum filled in accordance with 
the following procedure: 
a, Install the pycnometer on the test apparatus, as shown in 
Figure 28. 
b. Evacuate air from the pycnometer and all stainless steel 
and vacuum tubing through Valves A and D for 10 minutes. 
Make sure that Valve B is closed. 
c. Open Valve E and fill the pycnometer with distilled water 
from the water reservoir. When a full flow of water is ob- 
scrved entering the water trap, close the pycnometer’s outlet 
vaive and Vuive A, Open Vaive B. 
d. Pressure the system to 100 pounds per square inch abso- 
lute below the set point of the rupture disk. Check for icak- 
age. 


146.16.7 CALIBRATE USING THE WATER— 
WEIGH METHOD 


The pycnometer’s water-filled weight shall be verified us- 


weigh methed in accordance with the follow- 


2th 
‘eigh method in a 


ing procedure: 
a. Adjust the pressure to the desired setiing. Close tie pyc- 
nometer’s inlet valve and ensure that the pressure fas not 


, open the pycnome 


risen. Tf it hi 
just the pressure accordingly, and then clese the valve. 

b, When the pressure is correct, close Valve D. 

c. Record the water reservoir’s temperature, as indicated by 
the digital thermometer, to the nearest 0,1°F. 


6 digital mermo 


Bennert-type vacuum | 
mercury manometer H 


fo 


vaveAX| Valve r FN { uN A 


ears Water reservoir 
(glass container of 
distilled water} 
| 


5 


a 


Vacuum pump 


—F— Clear Tygon tubing 


Figura 26— Deaerating the Water Reservoir (Laboratory Calibration) 


Copyright por American Petroleum Institute 
Sat Nov 03 22:13:01 2001 


API MPMS434.6 Fh 


0732290 0055884 4& 


SeEcTION 6B—ConTINUoUs Density MEASUREMENT 


37 


Outlet 


ee Ab 


fod 


“—“"Pycnometer 
Water trap 
ey 


on 
—— 


eet ail 
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Outlet 
oN vavent 7S, 
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bay oclieita w Vaive C : j J iniet ) 
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Na 
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thermometer 
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dil} 
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AN 
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air shield 
Water reservoir 
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distilled, deaerated 
/ | water) 
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—%4— Clear Tygon tubing 4 . 


———  %-inch stainless steel tubing 


Vacuum 
manometer 


mB: 
| 


Figure 27—Vacuum Emptying the Pycnometer 


o 
Vacuum 
manometer 


a, 
fi 


nee TvaWeA ( 


2 
/ 
wa 


a 
a 


Vacuum pump. 


Water trap 
(4000 cm?) 


Zz ee hed 
Fr _ Giear Tygon tubing 


Yi-Inch staintess steel tubing 
L j 


Figure 28—Pycnometer Calibration Teast Apparatus 
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d. Remove the pycnometer, and using a syringe, wash both 
one to remove 


the iniet and outiei vaive openings with 
excess water, Blow dry the openings with nitrogen. 


(filed py a 
fed weight (W,) to the nearest 0.01 gram. 


nm of testi tubing and flush it wi 


ce. Place the 
record the fluid- 
f, Remove the sei 
tone to remove excess water. Blow dry the tubing with nitro- 
gen. Wash the exposed portion of Valve D with acetone. 
Blow dry the valve with nitrogen. Repeat if necessary. 

g. Reinstall the test tubing and the pycnometer on the test 
apparatus as shown in Figure 29. Open Valve G. 

h. Evacuate air between Valve D and the pycnometer’s inlet 
valve through Valve G for 5 minutes. Close Valve B, Open. 
Valves A and D. After a full flow of water enters the water 
trap, close Valves G and A. Open Valve B. 

i. Open the pycnometer’s inlet valve. 

j. Repeat the steps described in 14.6.16.6 and 14.6.16.7, 
Items a—i, until at least three test weights have been recorded. 
at three different pressures. Record the room air temperature 
to the nearest 0.1°F, (This completes the first run.) 


Note: A successful calibrartan run requires dia. ihe temnperaure uf ie wate: 
reservoir not vary by more than |.0°F during the run. 


k. Place the pycnometer on the vacuum-cmptying apparatus, 


and empty the water fi 
and empty the water from the pycnometer using the vacuum 


empyling method, as shown in Figure 27. 
th ps described in 14.6.16.3, Items b and c 


14,6.16.5; 14.6.16.6; and 14.6.16.7, Items a—j. (This com 
pletes the second run.) 


1. Repe: 
P 


14.6.16.8 CALCULATE THE TEST RESULTS 


The test results shall be calculated in accordance with the 
tolerances given in the example shown in Figure 30. Because 
of the complexity of the equations, all calculations should be 
performed with the aid of a personal computer. 


14.6.16.9 DETERMINE THE PYCNOMETER’'S &, 


The pycnometer’s thermal expansion factor (#,) should be 
supplied by the manufacturer. However, if the pycnometer’s 


(text continued on page 47) 


cans 


Vacuum 
Mancmeter 


Distilled, deaerated water 


Test hy "utes 


NTN 
No, Ne Valve C Ato 
————T + = ae a | Pycnometer 
Vaive D ed | 
Digital “ ihe \ oe 
thermometer \_ ( } 
Valve A na 
Water trap 
Valve F ><; (4000 cm? } 
' — me 


Water reservoir 
(glass container of 
distilled, deaerated 


| water) 


Ne. << 


air shield 


ff Weigh scale with 


| | 
| 


Vacuum pump 


Yeineh stainless steel tubing 


Figure 29—Reinstallation of Test Tubing 
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Date rebruary 24 an6 
Dale: February 24, 1386 


Ownership: MPMS Chapter 14.6 


Pycnometer Data 


Serial no.: 206 


Manufacturer: 


Prover type: Single sphere | 


Steel type: stainless, Typs 304 


Rupture disk pressure: 1800 psig 


Thermal coefficient (&):2.88 x 1075 


Calibrailon System Data 


Thermometer Scale 
Type: Digital Type: Electronic | 
Manutacturer: Manufacturer: 
Madels Model: 


Range: 0° F-150°F 


Range: 0-5500 g | 


Accuracy: 0.1°F 


Accuracy: 0.01 g 


Type: Capacitance 


Steel type: Stainless 


Manufacturer: 


Pie 8.00 g/om3 


Model: 


Range 1: 0-500 psig 


Prt 1.84 g/om? 


Elevation: 50 ft 


Range 2:0-3000 psig 


NIST Class: 


Accuracy: 0.25% 


Deadweight Tester 


Range: 0-3500 psig 


Copyright por American Petroleum Institute 
Sat Nov 03 22:13:06 2001 


Accuracy: 0.10% 
Comments: 


Figure 30—Typical Pycnometer Certificate and Calibration Caiculations 
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PYCNOMETER CERTIFICATE Page 20 
Date: Fobruary 24, 1986 Cartifieate No‘ WRIGHI | 


Serial No.: 206 


Pycnometer Calibration Summary 


w 


Average 132 g (0.004%) | Average We taeeed lOO 20055 
| PY, (cm*) 


J 
Weigh Pressure } Test A vs. Test B Pressure | | 
No. (sie} Test A TestB | Repeatability (%) : (psia) | PY, (om’) 


iL 900 WA NA NA 900 NA 
12 1000 997.75 997.76 0.001 1000 997.76 | 
13 1100 NA | NA NA 1100 NA 
14 1200 HA HA NA 1200 | NA | 
15 300 nA NA NA 1300 : NA | 
| 16 1400 NA NA NA 1400 “NA | 
1? 1500 998.36 998.39 6.003 1500 998.38 
L 18 1600 NA NA NA 1600 NA 
19 2700 NA NA NA 1700 NA | 
20 2800 NA NA NA °F. 1800 NA 
| 21 1900 NA NA NA 1900 NA 
22 2000 NA NA NA 2000 NA 
| 


Figure 30— Continued 
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Datei Februacy 24, 1986 | Serial No.: 206 
Pycnometer Calibration Summary (Continued) 


l | att i icon 1 


PY, (cm?) 
Weigh Pressure Test A vs. Test B Pressure 

| No. (psia) Test A Ve Test B Repeatability (%) (psia) | PY, (cm) 
[iS 26 2400 | NA NA NA 2400 [ NA | 

27 2500 | NA NA NA i 2506 NA 

28 2600 NA NA | NA 2600 NA 

29 2700 NA NA | NA 2700 NA 
| 30 2800 NA | NA 2800 NA 
| 31 29000 - NA 2900 NA | 


lame Nam 


i e 
Company | Company | 
[i | 
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Water-Weigh Calibration Method—Test A Data 


W,: 1365.29 g 


Waier Data 


W,:1366.44 g 


Dry Air Data 


| Average 7; 76.4°F (24.64°C) 


Te 79,0°F (26.11°C) 


pw 0.9971334 g/on3 


Pa 0.00118 g/om3 


Kp: 3.12 x 1978 


Cow? 1.001037 


pmwigiem) | P¥,(em*) 
1 25 NA 0.9871646 NA NA 
2 50 16.1 2360.30 996.04 | 0.9972424 998.79 996.60 | 
3 100 a NA 0.9973979 NA NA | 
4 200 76.3 | 2360.90 | 996.64 | 0.9¢77¢83 998.93 996.74 | 
5 300 NA 0.9880181 NA BA 
6 400 NA 0.9983273 NA NA | 
iy 500 NA 0.9986357 NA NA | 
6 600 Wa 0.9989434 NA NA | 
=) 700 NA 0.9992507 WA NA 
10 800 76.4 | 2363.47 999,22 | 0.9995571 999.66 297.47 | 
a. 900 [i | wa 0.9998630 NA NA | 
12 yo00 | 76.4 | 2364.9¢ | 1000.22 | 2.0001681 999,97 997.78 
13 1100 NA 1,0004728 NA NA | 
| 14 1200 NA "1.0007765 NA NA 
15 1300 NA | 2.0010799 NA NA 
16 1400 NA : 1.0013827 NA NA 
7 1500 76.6 | 2366.50 | 1002.25 | 1.0016849 1000.56 998.36 
18 1600 NA 1.0019860 NA NA 
19 1790 NA 1.,0022869 NA NA 
20 1800 NA 1.0025871 NA NA 
21 1900 NA 1.0029868 NA NA 
22. 2000 NA 10031858 NA WA 
23 2106 7 NA 10034842 NA KA 
24 2206 KA | 1.0037820 NA NA 
fe ee ee eS ee 
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PYCNOMETER CERTIFICATE Page 5 of 8 


1.0040792 
| 26 2400 NA 1.0043765 NA NA 


28 2600 NA 1.0049678 NA NA 
29 2700 NA 1.0052625 WA NA 


1 
27 2500 NA 1.0046724 NA NA | 


| 30 2800 NA 1.0055574 WA NA 


Water-Weigh Calibration Method—Test B Data 
Wy 1366.48 ¢ 
Water Data ; Dry Air Data 


Average 7 77.5°F (25,27°C} Fi77.0°F (25.00°C} 
eran g/om Pai 0.00118 g/om? 
Kp 3.12 xX 1076 Caw: 1.001037 
W, (9) f(g) Purp (fem?) Py,(em) | PV, (em) 
NA 0.9970053 NA NA 
Berane O55794 GLoS7TdasG 998.85 998.63 
NA 0.9972382 NA NA 
2360.89 996.57 0.9975481 999.02 996,80 
NA 0.9978573 NA NA 
NA 0.9981660 NA NA 
NA 0.9984739 NA NA 
NA 0.9987811 NA L NA 
| Na 0.9990878 NA NA 
2363.46 999.15 0.9993937 999.76 997.53 
NA 0.9996992 / NA | NA 
ea (Se a ee ee es 
Figure 20— Continued 


8 
H 
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Date: rebruary 24, 19 


Ti Py 
Water-Weigh Calibration Method—Test B Data (Continued) 
<= ee eh ne 
CF} lo wey Af ic) 2 PV,,(em*) PV, (cm?) 


{psi fi i BO? 5 nm} ¥ip (6 ol ) 
Wel. 2364.30 999.99 oul 999.99 997.76 
oa: NA ; 79 | MA NA | 
NA 1.0006111 NA NA | 
NA 1.0009140 NA NA 
NA 1.0012163 WA NA 
Tt.4 2366.45 1002.14 | 1.0015179 1000.62 998.39 


NA | L.0918185 NA NA 


1.0021189 WA NA 


1,0024187 NA NA 


| 
2 


NA 1.0030163 NA NA 
a 0033143 
0036115 
20939082 


WA 1.004 


NA 1,.0050895 NA NA 


NA 1.0053839 NA NA 
NA 1.0056769 | NA NA 


| 

ze 

> | Db 5 

a frede 

atom | 
Co ed 
See | 
2 | |b 


Figura 30— Continued 
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= correction for air buoyancy on weighings 
(1 = 0.0012 / pra Mt — Pa! Prat) 


(P= 0.0012 /Pyall — Px! Prp) 
Cyep = correction for expansion due to temperature on steel pycnometer 
= 147, — TXE)- 
E, = 
e 


a 
fey 


£, = coefficient of cubical expansion due to temperature on steel pycnometer 


= 2.88 x 10° for Type 304 stainless steel (nominal) 
} 


oan y 19% tortyse 346 
= 265 x 10° i 


= 186 x 10° for carbon steel (nominal). 


ior Type 316 s 


fh = elevation of weigh scale above sea level 
K, = isothermal compressibility of water at 14.696 psia and 7,, in degrees Ceisius 
= [0.88496 + (6.168819 x 10“)(7,) + (1459187 x 10°)\7,7) 
+ (20.08438 x 10%)(7,°) — (68.4772 x 10°)(7;") + (410.411 x 10°?) 7,°)] 
x {fl + (19.6748 x 10°}(7,)114.50377 x 10°}. 


= K,{1.00033 — [(0.217656 x 10*)(R. + P,)/2] + (0.8546265 x 10° )(P, + P,)/2]?}. 


M = mass of fluid in pycnometer 
= (W, — We)(Caw). 


P, = datum pressure of pycnometer (14.696 psia). 
P = test pressure, 
PBV = pycnometer base volume. 


PV, = pycnometer volume at datum temperature and test pressure 
= PY, / Crop. 
PV, = pyenometer voiume at test temperature and iest prassiirée 
= MI Py. 
T, = datum temperature of pycnometer. 
T, = teet temperature. 
W, = weight of fluid-filled pycnometer. 
W, = weight of pycnometer with all air evacuated. 


Pa = density of dry air 


= 0,00122[1 — 0.092(h/100 


| K,, = average Isothermal compressibility of water at P, and 7, 
| NI520/(7, + 460). 
| Fal Vi ce 


Se ee ee 


Se | 


Figure 30-—Gontinued 
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| 
| 
| 
| 
| 


Pry = density of field or scale test weights from test weights certificate 
= 7.84 g/cm? for stainless steel test weights (nominal) 


aanrinalt 


2 3555 an? for brass test weichis ¢ 
im” for brass test weights (nominal). 


= 8.0909 g/cm 
Pry, = density of reference test weights from test weights’ certificate 
= 8.00 g/cm’ for reference test weights (nominal) 
= 8.3909 g/cm* for brass test weights (nominal). 
Pw = Censity of water at test temperature (in degrees Celsius) and standard atmospheric pressure, 
as determined from Chapter 11.2.3 (Wagenbreth water equation) 
= (899.8395639 + 0.0679829998S7, - G.0091060255647,° + 0.0 


— 0.0000011267135267," + 0.000000006591 7956067;*)/1000. 
Pw» = density of water inside pycnometer at test temperature and test pressure 


= Pw /{1— UK KR - Poh 


>omments: 


| 
| 
| 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


ee es eee te | 


Figure 30— Continued 
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nominal £, cannot be substantiated by the manufacturer, fests 
may be conducted fo determine the thermal expansion of the 
pycnometer (see Figure 31), A minimum of two temperature 
tests shaii be conducted at ieast 40°F apart. 

Calibration and calculation procedures are purposely not 
included for the £, determinaiion iesi. The £, for ach man- 
ufacturer’s pycnometers should not change as long as the 


their thermal expansion 


properties. 
14.6.17 Density of Water 
14.6.17.4 GENERAL 


The density of a liquid decreases with increasing tomper- 
ature and, to a much lesser degree, increases with increasing 
pressure. The density of deaerated, distilled water can there- 
fore be expressed as a function of temperature and pressure, 
14.6.17.2 WATER DENSITY AT TEST 


TEMPERATURE AND PRESSURE 


Assuming that the change in density is small compared 
with the original density, the following equation can be used 
to calculate water density at the test pressure and tempera- 
ture. The application of the equation is limited to a temper- 
ature range of $2°F—125°F and a pressure range of 14.696— 
3000 pounds per square inch absolute. 


Pony = Py li — Ky - PDI 


= water density at the test temperature and pressure. 
Pu = water density at the test temperature and P,. 
average isothermal compressibility of water at the 
test conditions. 

P, = test pressure. 


a) 

< 

= 
1 


ga 
u 


| rod | 


a 


Pycnometer 


ie G Outlet aural 
— Valve D]  Iniet 


) 


P, = datum pressure 
= 14,696 pounds per square inch absolute. 


The accuracy associated with this equation is limited by the 
following factors: 


test conditions. 


b. ‘The accuracy associated with calculating the average iso- 
b, ‘The accuracy associated with calculating the average isc 


thermal compressibility of water, Kya at the test conditions, 
di 


Tn Chapter 11, Section 2.3, the Wagenbreth water density 
equation is used to determine the water density at the test 
temperature and standard atmospheric pressure, The Wagen- 
breth equation expresses the mass density, in grams per cu- 
bic centimeter, as a function of temperature at 14,696 pounds 
per square inch absolute as follows: 


Pen = [(9.998395639 » 167) + (6.798200080 » 107 CF) 
~ (9.106025564 x 10>)(T7) 
+ (1005272999 » 10“ )\(7) 
= (1126713526 10° (74) 


+ (6.591795606 x 10°95 )]/ 1000 


Several water density equations exist, but only slightly 
different values are obtained from them. Using the Wagen- 
breth equation, at GO°F (15.6°C) and 14.696 pounds per’ 
square inch absolute (101.325 kilopascals), the density of 
water is as follows: 


Temperature bath with 
coiled tubing 


a ee oe 


W) Lr) 


NY 


Note: All flowing tubing, all valves, and the pycnometer shall be insulated to maintain a stable temperature. 
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Pw = 62.3660 pounds per cubic foot 
= 0.9990121 gram per cubic centimeter 
At 68°F (20,0°C) and 14.696 p 


lute (101.325 kilopascals), the density of water is as follows: 


62,31572 pounds per cubic foot 


Pw 


0.9982019 gram per cubic centimeter 


14.6.17.4 AVERAGE ISOTHERMAL _ 
COMPRESSIBILITY OF WATER (Kip) 

Although liquids are not normally considered to be com- 
pressible, a conection for water compressibility as a function 
of pressure and temperature must be applied to achieve an 
acceptable accuracy. Enough data cxist ta determine the av- 
erage isothermal compressibility of water. This standard uses 
the following equation: 


KR = «(1.00033 — [(2.17656 x 10 yE 


p = K,(100033 — [. 


+ 1(8.546263 x 10° )(R, + P/ 271) 
Where: 


FP; = test pressure, in pounds per square inch absoiute. 
P, = datum pressure 

36 pounds per square inch absoluie. 
isothermal compressibility of water at a pressure of 
14,696 pounds per square inch absolute and the test 
temperature. 


K 


iy 


The effect of pressitrc on the isothermal compressibility of 
water has been calculated by curve-fitting the compressibil- 
ity of water as a function of pressure at 68°F (20°C). To cal- 
culate the isothermal compressibility of water at 14,696 
pounds per square inch absoiute anu tie iest icrnperatue, &, 
Kell’s equation was adopted: 


= [5088496 + (6.163813 x 107 \7;) 
+ (1459187 x 107 \(T) + (20.08438 x 10% )(F) 
= (58.4772 «109 (Ty + (410.4 LE x 10 7 


f 
+ {1 + (19.67348 x 10 (7; 114.5037 x 10°)} 
Where: 


Nypsyy 
A 


T, = test temperature, in degrees Ceisius. 
Several calculated values for K, and K,, are given in Table 7. 


14.6.17.5 UNCERTAINTY ANALYSIS 


Within the temperature and pressure limitations defined in 
14.6.17.2, the predicted water density is estimated to be 


within 40.01 percent of the true value. A comparison of 


ies with the predicted values 


confirms the stated uncertainty (see Table 8). 


Kell's 
Kell 


ig al ode: 
xXperimental water den 


14.6.18 Density of Air 
GENERAL 


14.6.18.1 


tion for air buoyancy on weighings (Cgw; see 14,6.6.5) and is 
al d to verify the field W,, Although the de of moi 
air is less than thar of dry air (sec GPA 2145), all calculations 
shall use dry air density. As shown below, a sensitivity anal- 
ysis indicates that the error resulting from the use of dry air 
density is well within the accuracy of this standard. 


14.6.18.2. DRY AIR DENSITY 
14.6.18.2.1 


dry alr dens: 
tions. In U.S. units, 


For laboratory calibrations of pysnometers, 


shail be calcidaicd using the following equa- 


Table 7—Predicted Water Density 


George S. Kell 
Isothermal 


Compressibility of 
Water Water at 14.696 psia 


(KY 
KO 


Wagenbreth = MPMS 14.6 


psia bar *C °F 10°bar Kip (Uist) pre defem") Pap (fem) 
rd 5.30 50.8850 3.5084x 10° 3.5061 x 10% 0.999840 1,000058 
45.8918 31GH x10 3.1620x10% 0.998202 0.998398 
44.1732 3.0456 10% 3.0436x 10% — 0.988058 6.988245 
oll 42.11 50.8850 35084x 10% 34860x10° 0.999840 1.001917 
ASQOIS 3164Ex 10° 3.1439 x10* 0.098902 1.000072 
44.1732 3,0456x 10% 3.0262 x10 —0,988058 0.989840 
(465 101.01 50,8850 3.5084x%10" 3.4548 x 10% 0.999840 L.v4asay 
45,8918 3.1641x 10° 3.1158xtO® —0,998202 1,002713 
44,1732 3.0456% 10 2.9991 x iy 0.928058 0992355 
W050 210.28 i 50.8850 3.5084xi0* 3.400010" 0.999840 
0 45.2918 3.1641 x 10% 3.663% 10% — 0.998202 
50,00 1220 44.1715 3.0455x 10% 29514x10% 0.988060 0.996911 
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Table 8— Experimental Versus Predicted Water Density 


Water 
Pressure Temperature Predicted Experimental 
— MPM 146 George $.Kell —Residual,e —_(a/Kell) x 100 
psia bar °C Fp (Bem) Py (fem) (Kell ~ API) (%) 
ree 5.30 0.00 32,0 1,Q00058, 1.000118 0.0060 6.006 
20.00 68.0 0.998398 0.998406 0.000008 0,001 
50.00 122.0 O.988245 O.988225 — 0.22 ~ 0.002. 
6I1 42.1 000 © 32.0 =: Loni917 1.091979 n.000062. 0.006 
20.00 68.0 1.000072 1.000083 0.000011 0.001 
50.00 122.0  — nogoado 0.980822. 0.000018 0.002 
1465 101.01 0.00 32.0 1004849 1.004936 0,000087 0.009 
20.00 68.0 1.902713 1.002742 0,000029 0.003 
50.00 1220 0992355 0.992351 ~0,000004 0.000 
3050 210.28 0.00 32.0 —-LOINIS7 1.010323 0.000166 0.016 
20.00 680 = 1.007492 1,007606 0.000184 0.011 
50.00 122.0 0.996911 0.996976 0.000065 0.007 


P, = 0,0012[1 ~- (0,032h / 1000)][520/(%, + 460)} 


= elevation above sea level, in feet (meters). 
T, = dry air temperature, in degrces Fahrenheit degrees 
Celsius). 


Pax = dry air density, in grams per cubic centimeter. 
h 


14.6.18.2.2 For density meter provings and field verifica- 
tion tests, dry air density shall be calculated using the follow- 
ing equations. In U.S, units, 


P, = 9.0012[1 — (0.0324 / 1000)] 
In ST units, 

Px, = 0,0012[1 - (0,105 /1000)] 
Where: 


Px = dry air density, in grams per cubic centimeter, 
4 = elevation above sea level, in feet (meters), 


14.6.16.3 MOIST AIR DENSITY 


Moist air density can be calculated using the following 
equation: 


Where: 


Px = moist air density, in grams per cubic centimeter. 
T, = air temperature, in kelvins. 
B = barometric pressure, in millimeters of mercury. 
é = moist air vapor pressure, in millimeters of mercury. 
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14.6.18.4 SENSITIVITY ANALYSIS 
14.6.19.4.1 


General 


14.6.18.4.2 Example 
Consider the following example. The following data are 


given: 


Prp = 0.3000 gram per cubic centimeter. 


h = 50 feet. 
T, = OBR 
8 = 750 millimctcrs. 
Prw, = 8.00 grams per cubic centimeter (reference test 
weights). 
Prwr = 7.84 grams per cubic centimeter (stainless steel 
test weights). 


Dewpoint = 50°F. 


The diy air density is caiculaied as folk 
0.0012{1 — [(0.032)(50) / 1000]}(0.984849) 
= 0,00118 gram per cubic centimeter 


Ps 


The moist air density is calculated as follows: Converting 
the air temperature from degrees Fahrenheit to degrees Cel- 


F, = G/9)G, — 32) 
(5/9)(68 — 32) 


20 


Where; 


T, = air temperature, in degrees Celsius. 
T, = alr temperature, in degrees Fahrenheit. 
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Converting the air temperature from degrees Celsius to kel- 
vins, 

T, + 273.15 

= 20 + 273.15 


U1 


7, 


Where: 

T,, = air temperature, in kelvins. 

YT. = air temperature, in degrees Celsius. 

Converting the dewpoint from degrees Fahrenheit to de- 
grees Ceisius, 
T, = (5/97, — 32) 

= (5/9)(50 — 32) 

= 10 


Using the appropriate value for 0.3783e from the CRC 
Handbook of Chemistry and Physics’ (3.48 at a dewpoint of 
t0°C), the moist air density is calculated as follows: 


2B, Weast (Fd), CRC Haadhook of Chemistry and Paysics (69th 8¢.). 
CRC Press, Bora Raton, Florida, 1988, 


Il 


[0.0012929(273.13 / 293.15) |L(75U — 3.48)/760] 
0.00118 


Then for dry air, 


Pa 


Cow = 1.003801 


And for moist air, 


Co A109 
Cow = 1.01 


03801 

Since the results are exactly the same when rounded to six 
decimal places, the error in using the dry air density is be- 
yond the accuracy attainable by Unis standard. 
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APPENDIX— PRECAUTIONARY INFORMATION 


Aad wemt aE bauinting meal Cian 

Patel Physical Character IDkibes? CHIME 
Considerations 

A.1.1_ Personnel involved in the handling of petroleum-re- 


lated substances (and other chemical materials) should be fa- 
miliar with their physical and chemical characteristics, 
including potential for fire, explosion, and reactivity, and ap- 
propriate emergency procedures. These procedures shouid 
comply | with the individual company’s safe operating prac- 


Keen containers closed when nct in use. 
. Keep containers closed when act in use, 


d. Keep work areas as clean as possible and well ventilated. 
e. Clean up spills promptly and in accordance with pertinent 
safety, hoalth, raid environmental regulations, 

f, Observe established exposure limits and use proper pro- 
tective clothing and equipment. 


information on exposure limits can be found by consuiting 
the mast recent editions of the Occupational Safety and 


covering the use of proper protective clothing and equip- 
ment. Personnel should be alert to avoid potential sources of 
ignition and should keep the materials’ containers closed 


A.1.2 API Publication 2217 and Publication 2026 and any 


applicable regulations should be consulted when sampling 
requires entry info confined spaces. 


A.1.3° INFORMATION REGARDING PARTICULAR 
MATERIALS AND CONDITIONS SHOULD BE OB- 
TAINED FROM THE EMPLOYER, THE MANUFAC- 
TURER OR SUPPLIER OF THAT MATERIAL, OR THE 


MATERIAL SAFETY DATA SHEET. 


A.2 Safety and Health Considerations 
A241 GENERAL 


A.2.1.1 Potential health effects can result from exposure 
to any chemical and are dependent on the toxicity of the 
chemical, concentration, and length of the exposure. Fvery- 
one should minimize his or hor exposure to workplace chem- 
icais, The foiiowing generai precautions are suggested: 

a. Minimize skin and eye contact and breathing of vapors. 
b. Keep chemicals away from the mouth; they can be harm- 
ful or fatal if swallowed or aspirated. 
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1910.1000 and following and the ACGIH publication 
Threshold Limit Values for Chemical Substances and Phys- 
ical Agents in the Work Environment. 


4.2.1.2 INFORMATION CONCERNING SAFETY 
AND HEALTH RISKS AND PROPER PRECAUTIONS 
WITH RESPEC ‘TERI. 


TO PARTICULAR MATERIALS AND 
CONDITIONS SHOULD BE OBTAINED FROM THE 
EMPLOYER, THE MANUFACTURER, OR THE 
MATERIAL SAFETY DATA SHEET, 


A.2.2 ACETONE 


Health effects can result from exposure to acetone via 
contact with the skin and eyes, breathing of vapors, or swal- 
lowing. Acetone exhibits local irritant properties that may be 
manifested by dermatitis, stinging of the eyes, nose, or 
throat, or irritation of the respiratory system. Acute exposure 
to acetorie above permissible exposure limits may result in 
adverse systemic effects, including effects on the dermato- 
logical or central nervous system. Indications of a systemic 
effect may include skin irritation, headache, dizziness, 
drowsiness, loss of appetite, and nausea. There may also be 
long-term (chronic) health effects of varying severity from 
exposure to acetone, 
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